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ABSTRACT
Results of an experimental determination of low resolution 
spectral absorptivities of carbon dioxide, carbon monoxide and 
mixtures of these gases at total pressures from 0,33 to 10 
atmospheres, temperatures from 293 to 1200 K and a range of mole 
fractions are reported. An optical path length of 158 cims. 
used at room temperature and one of 12 cms. at that and higher 
temperatures. Optical densities ranged from U to 1580 atms. cms. 
Spectral measurements are compared with published experimental 
data.
Band emlsslvltles for the 4.3, 2.7, 2.0 and 1.6 micron bands 
of carbon dioxide and 4,7 and 2.35 micron bands of CO obtained
from spectral measurements, are presented. Correlations of band 
emlsslvltles with optical density, total pressure, and temperature, 
using extended spectral models and an empirical band model, are 
given.
Theoretical estimates of band overlap corrections were made 
for the major bands of carbon dioxide' and carbon monoxide in the 
4 to 5 micron region. These are compared with values derived 
from experimental data. Charts for band overlap correction are 
presented.
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CHAPTER 1
INTRODUCTION
INTRODUCTION
There are three fundamental types of heat transfer which 
occur in nature, these are conduction, convection and radiation. 
The transfer of heat by conduction results from the passing of 
excess kinetic energy by adjacent molecular layers. For a fluid, 
additional heat transfer takes place through macroscopic flow of 
the fluid - this is convection. The transfer of heat is deter­
mined by temperature difference, whereas radiation heat transfer 
is directly related to and Increases rapidly with temperature 
level. The dominance of each particular heat transfer process 
is, therefore, determined by temperature level.
The transfer of heat radiation is only one of numerous 
electromagnetic phenomena. As a wave form, electromagnetic 
radiation is characterized by both amplitude and frequency of 
vibration. The frequency of vibration is, in turn, related to 
wave-length. It has been demonstrated(140 )by the application of 
the second law of thermodynamics that there is a maximum amount 
of energy that can be emitted at a given temperature and wave­
length. This emitter is called a black body. The rate of 
emission of spectral energy from unit area of a body is known as 
the monochromatic emissive power. An experimentally verifiable 
description of the distribution of monochromatic emissive power 
was made by Planck in 1900. This was based upon the assumption 
of the discontinuous emission of energy in small discreet amounts 
called quanta.
The total emissive power of a black body is proportional to 
the fourth power of the absolute temperature of the body. This 
relationship was first deduced by Stefan and later confirmed by 
Boltzmann using thermodynamic reasoning and is knov/n as the 
Stefan-Boltzmann Law.
The monochromatic emissive power of real emitters is 
generally less than that of a black body. The fraction of black 
body radiation emitted by a real body is given the name 
emissivity which is applicable to both, spectral and total 
emissive powers.
Radiation emitted by gases results from changes in the 
internal energy of the molecules. For polyatomic molecules, 
internal energy is distributed amongst three modes of 
oscillation; vibrational, rotational and electronic. The 
magnitude of these quantum changes are such that electronic 
changes give rise to spectral lines in the visible and ultra­
violet region, vibrational changes fall in the infra-red, and 
rotational changes in the far infra-red. However, the 
vibrational energy levels of a molecule are intimately coupled 
with the rotational levels and if the vibrational energy change 
has an appropriate value simultaneous vibrational/rotational 
changes will occur. Thus a series of rotational spectral lines
will be found in the wave-length region around a given
vibrational wave-length. The spectra of gases active in the 
infra-red region exhibit various vibrational/rotational and 
pure rotational bands. Only gases, such as COg, HpO, and CO
, which are polars , are
able to undergo vibrational/rotational energy transitions. 
Spectral emissivities of gases are a function of active gas 
concentration, total pressure, temperature and wave-length.
At the temperaturesoccurring in combustion systems, 
radiation interchange occurs in the infra-red wave-length region 
and is primarily due to COp, H^O and to a lesser extent CO.
These systems are said to have non-luminous flames. The 
presence of unburnt carbon particles in à flame produce a 
continuum of energy emission.
Various approaches have been made to the solution of 
radiation interchange involving real gases and real confining 
surfaces. The treatment of spectral radiation interchange 
involving gases requires a detailed knowledge of the absorption, 
emission and scattering characteristics. Methods for the 
solution of such problems are outlined in a book by Chandrasekhar 
(123). The adaption of these methods to include solid 
boundaries presents many difficulties and, in general, no 
analytical solution appears to be feasible. Solutions are 
obtained numerically (113) or by the use of approximate methods 
( 146).
For engineering purposes, the aforementioned approach is 
far too laborious and time consuming. A simplified approach 
has been made by Hottel (137)» The spectral variation of 
gaseous emissivity is neglected and gases are considered to be 
grey, i.e. the spectral emissivity of a gas is assumed to be 
constant throughout its spectrum. The grey gas solution is 
only applicable for two limiting cases: optically thin, low 
molecular concentration; and optically thick, high molecular 
concentration, which results in pressure broadening. In many 
real systems the radiating gases are optically thin in some 
parts of the spectrum and optically thick in others.
To overcome this difficulty the spectrum is considered in 
terms of the bands of radiating gases, although the bands are 
assumed to be grey. This is the grey-band approach (125).
Under intermediate conditions of molecular concentration, the 
grey gas approximation has been shov/n (142) to be in 
considerable error in comparison with the grey-band approach. 
Although the grey-band solution involves greater computational 
effort this is outweighed by the increased accuracy of the 
final solutions.
All the methods used in the solution of radiation 
interchange problems, rely on experimental data. Thus the 
ultimate accuracy of these methods is limited by the accuracy 
of the data.
A great number of experimental investigation's have been 
undertaken (see Chapter 2) to extend and improve existing data 
on the spectral properties of gases.
This study of the absorptances of COg, GO and mixtures of 
these gases has been undertaken in an effort to provide further 
data on these gases. It is hoped that they will contribute, in 
some small way, to a fuller understanding of radiation 
processes involving gases. . .
CHAPTER 2
LITERATURE SURVEY OF EXPERIMEIWAL DATA
b2-1 EARLY STUDIES OF MOLECULAR RADIATION
2-1 “• 1 8 pe c t r a 1 Studies
Before 1890 many investigators had undertaken studies of 
spectra of all the common gases (145). Paschen ( ?6 , 77 ) 
carried out spectral studies on COp and H^O under laboratory 
and industrial conditions. Band-widths were assigned to the 
major bands of COg and HgO. An important observation v/as made 
as to the effect of temperature on band-widths; the wave-length 
limits widened to longer wave-lengths and the maximum of the 
absorption band shifted in the same direction.
In 1905 Coblentz ( 124)published a comprehensive study of 
the spectra of all commonly occurring gases. The maxima of the 
P and R branches of each band were noted with great precision, 
although these were incorrectly interpreted as being two closely 
overlapping bands - termed absorption doublets. This work is 
most notable for its use as a practical treatise summarising 
the currently available instruments and techniques.
Barker( 8 ) studied the 2,7 and 4*3 micron bands of COg 
over a wide range of conditions. This work was subsequently 
used by other investigators as a useful comparison and as a 
basis for various calculations, ,
During this period great interest existed in the 
fundamental structure of molecules following the advent of 
Bohr’s quantum theory. High resolution studies revealed spectral 
lines and many investigators interpreted the appearance of the 
lines with discreet energy changes within the molecules. One of 
the most notable investigations was,that of Lowry(64 ) who 
studied the spectrum of carbon monoxide bands.
Several of the weaker bands of COg were revealed using 
long path lengths and elevated pressures by Schaefer and 
Thomas ( 101) .
2-1-2 The Effect of Pressure on Spectra
One of the first studies of the effect of pressure on the
absorption of GOp was carried out by Angstrom ( 5 , 6 ) .
Measurements were made on various gases at a range of pressures 
and path lengths. It vms shown that absorption was not 
proportional to the optical density, unless the total pressure 
remained constant. This indicated a deviation from Beer's Law 
and that the absorption coefficient was a function of pressure,
Schaefer (100 ) studied the 2.7 and 4,3 micron bands of COp
at pressures in the range 0.001 to 4 atmospheres. Several
important observations were made:
i) the maximum value of absorption was proportional to pressure; ii) band-widths increased with pressure; ill) increasing optical density at constant total pressure resulted In increased absorption less than that indicated by Beer's Law and a maximum value which was less than one.
The 15 micron band of GOp was shown by Rubens and Landenberg 
(95 ) to exhibit the similar deviations from Beer's Law (the 
absorption coefficient being proportional to total pressure) as 
observed by Angstrom.
Von Bahr(1l6 ,117) studied the effects of several parameters 
on gaseous absorption. Samples of GOg and CO were pressurised 
with Hp and other non-absorbing gases at pressures up to 5 
atmospheres. The effect on absorption of increasing the partial 
pressure at constant total pressure can be summarised as 
follows:
i) the effect of the pressurising gas was different from that of the active gas;ii) the various diluent gases had different,measurable effects on absorption.
Further studies by von Bahr (119)showed that increasing 
total pressure at constant optical density gave rise to an 
initial rapid increase in'absorption, then a progressively slower 
rate of increase until a maximum value was reached. Von Bahr
8
correlated the total pressure repaired for maximum absorption 
with the size of the various diluent molecules and concluded 
that pressure broadening of spectral lines took place.
This conclusion was substantiated by Futchbauer ( UO ) who 
further suggested that the observed broadening was consistent 
with that of Lorentzian lines.
In 1926 'Winimer ( 121) studied the effect of total pressure 
and optical density changes upon total absorptance; his 
findings were in accordance with other workers.
2-1-3 The Effect of Temperature
Studies carried out by von Bahr (118 ) in I912 on the 
fundamental of CO and the 2,7 and U«3 micron bands of 00^ at the 
same (temperature corrected) optical density showed that a 
band-width increase was accompanied by a marginal increase in 
the band 
was used
maximum, A limited range of temperature Ip^C to 170^0
Scnaidt(l03 ) studied the emission and absorption of COp 
in the temperature range l6^b to 900^0 at one atmosphere total 
pressure in a cell with quartz windows.
Suitable window materials for use at elevated temperatures 
have been and still are the cause of some concern, Rubens and 
Hettner( 94) solved this problem by building a vertical 
absorption vessel without optical windows. The gas under 
investigation was electrically heated to the desired temperature 
and was forced to flow vertically through the container at a 
velocity sufficient to avoid diffusion of air to the stream 
through the openings in the bottom plate.
2-2 MEASUREMENTS ON CARBON DIOXIDE
2-2-1 Total Energy Studies
The first application of infra-red absorption data to the 
prediction of radiation from combustion gas mixtures was made
by 1924 (98 ). A simple mathematical model was
developed enabling estimates of gaseous radiation from COp and 
H^O to be made outside the limits of existing data. Th^ 
validity of this expression has been examined by Penner (139) 
and Edwards and Menard (33 )and found to be applicable only 
under very limited conditions.
In 1927 Hottel( 48 )published a paper in which he used the 
results of Shack and previous workers to/construct empirical 
charts of gaseous emissive power againqt the temperature for 
COp and HpO for a range of optical densities. Included in this
paper were shape factors for radiant/heat transfer between'
furnace walls, tube banks and other' regular bodies, This was/'the first comprehensive work on furnace design. Further improve­
ments were necessary in the Hottel charts as they still suffered 
from the same inherent weakness in that some of the data used 
was taken at room temperature.
The uncertainties in the earlier charts gave rise to large 
scale experimental investigations both in the U.S.A. and Germany,
Hottel and Manglesdorf (49 ) published a paper in 1935 on 
total radiation measurements of COp, H^O and mixtures of these 
two gases with Np. Emission measurements were made on dry 
COg/Ng mixtures in the temperature range 295 to 1317 K at one 
atmosphere total pressure. Absorption measurements were made 
under the same conditions as above with black body reference 
temperatures in the range 900 to 1633 K. Results were presented 
in the form of total emissive power against temperature for 
various optical densities.
In the same year Hottel and Smith (50) published data on 
GOg derived from observations on combustion products of pre­
mixed GO/Og and C0/Air mixtures at one atmosphere total pressure, 
for path lengths in the range 19.5 - 40 cms. These measurements 
were taken for a range of gas temperatures from 1682 to 2355 K. 
Comparison of extrapolated values of emissive power from Hottel 
and Manglesdorf ( 49 ) with those of Hottel and Smith( 50 ) show 
good agreement.
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Radiation measurements similar to those of Hottel and co­
workers were carried out by Eckert( 29) in 1937 under the 
following experimental conditions: . .
1) for a path length of 65.2 cms,, temperatures in the range 373 - 673 K;
ii) for a path length of 10.2 cms., temperatures in the range 678 to 1533 K;
iii) for a path length of 295.6 cms. at a gas temperature of 373 K.
All measurements were taken at one atmosphere total pressure.
Data on the total radiation due to COg ( 49 , 50 , 29) and 
similar measurements on HpO ( 2 9 , 49 ,102) were critically 
reviewed for internal consistency and sources of error by Hottel 
and Egbert (51 ), In 1942 Hottel and Egbert ( 52) published a 
series of recommended charts of total emissivity against 
temperature for COp and HpO which are still in current use (1 3 7 ).
2-2-2 Band Energy Measurements
The first study made on the bands of COp was by Howard and 
Chapman ( 53 ). These were later extended by Howard, Burch and 
Williams ( 54 ). Measurements were made in a 22 metre multiple 
path cell at room temperature, for various absorber gas pressures 
up to 0.09 atms. and total pressures up to a maximum of one 
atmosphere. Nitrogen v/as used as the broadening agent. The data 
was correlated either by square root or logarithmic expressions.
The work on COp was later revised by Burch, Oryvnak and 
Williams ( 20 ) and correlated in terms of equivalent pressure and 
optical density - the total pressure was limited to one 
atmosphere. These measurements were again made at room 
temperature. Simple empirical expressions .were developed for the 
2 .7 , 4 .3 , 9 .4  and 1 0 .4 micron bands - whereas data for the 15 
micron band were presented in the form of mean spectral 
absorptivities over the band-width.
Using the apparatus developed by Bevans et al ( 9 ),
D.K, Edwards ( 30 )has studied the band absorptances of all the 
bands of COp occurring in the 1 - 20 micron range. Experimental
data was collected for temperatures in the range 294 to 1390 K 
and pressures from 0.3 to 10 atmospheres. Band absorptances 
were correlated using empirical expressions for equivalent 
pressure and mass path length in a manner similar to Howard,
Burch and Williams (54 ). This is one of the most 
comprehensive works to date.
The work of Edwards ( 30) has been extended by Wicolet (138).
Measurements were made on the 2,7, 4.3 and 15 micron bands of
COp at elevated temperatures and sub-atmospheric pressures.
2-2-3 The 15 Micron Band
Ludwig, Perriso and Acton ( 66 )have studied the 15 micron band 
in a supersonic burner at one atmosphere total pressure for
temperatures in the range 1000 to 2300 K. Experimental
procedure limited the path lengths to a small range up to ,
3.12 cms. Nothing conclusive could be drawn from observations 
on spectral emissivities owing to the presence of a large 
number of 'hot* bands. However, a value for the integrated
band intensity was derived from the data and stated as being
—  1 —2240 ± 36 atms. cms.
2-2-4 The 4o3 Micron Band
The first comprehensive study of spectral emissivities of 
the 4.3 micron band was made by Tourin (108). Gases were 
studied for temperatures up to 1273 K in a quartz gas cell.
Several important observations were made. For a constant value 
of optical density high temperature spectra were found to be 
insensitive to changes in total pressure, whereas changes in 
optical density for a constant total pressure had considerable 
effects on the spectra. The effect of temperature upon the 
spectra was primarily due to a redistribution of molecular 
concentration amongst the possible quantum states. These 
observations indicate that the band was effectively broadened 
by pressure,
Steinberg and Davies (105 )measured values of spectral 
emissivity at 4.4 microns in a shock tube. Under the
■1 o
experimental conditions considered Beer's Law was applicable, 
because calculated values of absorption coefficients were
found to be independent of total pressure. The spectral 
absorption 
at 1400 K,
— 'Icoefficient had a maximum value of 3+0 atms.~ cms,~
A note published by Tourin and Babrov ( 111), reports a 
maximum value of 1.09 atms."" cms.~ for the absorption 
coefficient at 4,4 microns. The data also indicated a failure 
of Beer's Law.
In 1962 Perriso ( 37 )published work on a study of spectral 
emissivities in the temperature range 1200 to 2400 II. For the 
range of optical densities considered, spectral emissivities 
were lower than those reported by previous investigators. It 
was found that an increase in temperature above 2000 K had no 
effect on the observed spectrum - indicating that the spectrum 
had become broadened by temperature,
Oppenheim and Ben Ayreh ( 74 )studied the 4,3 micron band 
at 1200 K. They were able to account for the effects of 
temperature and pressure upon spectral emissivities using the 
statistical line model (see Appendix III), Comparison of their 
work with that of previous workers yielded nothing conclusive. 
This lack of agreement may be due to the different spectral 
slit-widths and optical densities used in'each investigation.
2-2-5 The 2.7 Micron Band
Tourin(109 ) studied this band in a gas cell, for 
temperatures up to 1300 K using nitrogen as a broadening agent. 
He found that high temperature spectra were very sensitive to 
changes in optical density and insensitive to changes in total 
pressure.
A shock tube was used by Breeze and Ferriso ( 10) for band 
absorption studies in the temperature range 1200 to 3000 K.
Data on this band has been given by Ludwig and Ferriso 
( 65 ) using a rocket burner. The existence of a band head at
13
3780 cms.~ was confirmed, as was the use of the harmonic 
oscillator model to describe the temperature variation of the 
integrated intensity of this band.
2-2-6 The 1 - 1.25 Micron Region
Observations on the minor bands of COp situated in the 
1 - 1.23 micron region have been made by Burch, Gryvnak and 
Patty ( 21 ) .
Sample path lengths were varied from 16.5 to 933 metres 
and pressures from 1 to 14.6 atmospheres. The bands in this 
wave-length region are significant at very long path lengths 
and elevated pressures and do not contribute, to any great 
extent, to the total emission under normal conditions.
2-3 MEASUREMENTS ON.CARBON MONOXIDE
2-3-1 Total Energy Measurements
The first total emission and absorption measurements were 
made by Ullrich( 145), Emission data was collected for 
temperatures in the range 300 to 1253 K at a total pressure of 
one atmosphere. Measurements of total absorption were made 
under the same conditions as above with black body reference 
temperatures in the range 673 to 1633 K. Experimental errors 
at low optical densities prevented repeatability of data from 
being obtained. This data forms the basis of a total emissivity 
chart which is the standard reference (137).
In 1959 Oppenheim( 72 )published some data on the total 
absorption of CO which was used to verify various theoretical 
relationships between total absorptivity and emissivity over a 
large range of pressures.
2-3-2 Band Energy Measurements
During the early 1950's several high pressure absorption
studies were carried out "by Penner and Weber ( 82 , 83 ) room
temperature, on the fundamental and first overtone of CO.
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Several spectroscopic parameters were derived from this work 
which were later used by Penner( 139)to test a simple band 
model.
In 1962 Burch and Williams ( 18 )presented data on the band 
absorptance of the fundamental and first overtone of CO. 
Measurements were made at room temperature over a wide range of 
equivalent pressures and optical densities. Two simple 
expressions for the variation of band absorptance of the 4.7 
micron band with equivalent pressure and optical density were 
derived. At higher values of equivalent pressure a logarithmic 
function was found to be made applicable. No such saturation 
effect was observed in the 2.35 micron band. It was shown that 
for a given value of equivalent pressure the band absorptance 
was the same for both bands provided the optical density of the 
overtone was 150 times greater than that of the fundamental.
Lee and Happel ( 62 )have used the strong line approximation 
of the EQsasser Model (see Appendix III) to account for the 
effects of temperature and optical density upon their measurements 
of the 4.7 micron band.
The two major bands of CO have been studied by Vanderwerf 
and Shaw( 114 )+ Measurements were made for temperatures up to 
400°C. It was shown that, for the first overtone the band , 
absorptance was proportional to the square root of the product of 
optical density and pressure, and approximately proportional to 
the inverse of the fourth root of absolute temperature. It may 
be inferred from the last observation that, for the range of 
temperatures studied, the temperature dependence of first overtone 
is principally due to the variation of the mean line half-width 
with temperature (see Appendix II).. No simple expression was 
found for the fundamental band.
The most comprehensive study of CO made over a large range 
of pressures, path lengths and temperatures was that of Abu-Romia 
and Tien ( 1 ). Spectral absorption measurements of the
fundamental band were carried out under the following conditions:
i) path lengths in the range 1 - 2 0  cms.
ii) temperatures in the range 300 - 1500
iii) pressures in the range i - 3 atms.
K
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For the first overtone measurements were limited to a single 
path length of 20 cms., pressures from 1-3 atms. over the same 
range of temperatures.
The total band absorptance was then correlated as a function 
of pressure and optical depth using an expression developed by 
Tien and Lowder( 10?), and the exponential wide band model due to 
Edwards and Menard ( 33)* This data was then used to prepare 
values for the total emissivity of carbon monoxide for optical 
depths from 0.004 to 2 atms, ft. in the temperature range 600 to 
3000 K.
Comparison of the work of Ullrich(145 ), Lee and Happel 
( 62 ), Oppenheim( J2 )and the theoretical work of Penner (139 ) 
with that of Abu-Romia and Tien( 1 )is favourable although
Ullrich* s data are consistently higher. This discrepancy could
be due to the presence of COg in the CO samples.
2-3-3 Spectral Data
In 1962 Davies (23 )published some data on high temperature 
measurements of spectral emissivities at three wave-lengths in 
the 4.7 micron band of carbon monoxide. Temperatures as high
as 2200^0 were obtained using a shock tube. Under the experi­
mental conditions considered,Davies concluded that spectral, 
absorption coefficient was proportional to the total pressure 
and the logarithm of the inverse of transmissivity was proportional 
to the fourth root of the total pressure.
The spectral data of Abu-Romia and Tien (1 ) for path 
lengths greater than 10 cms. were well correlated using the 
Blsasser strong line approximation at all temperatures. For path 
lengths below that given above, the correlation was not success­
ful, indicating that the data was in the weak line or transition 
region (see Appendix III), Abu-Romia and Tien; (2 ) further 
analysed their data using the Godson approximation (129) to 
correlate spectral absorption coefficients.
2-4 THE OVERLAP OF SPEGTÜÀL BANDS
The first attempt to correct for the overlap of spectral
1b
bands was made by Ullrich, in 1935 ( 145). Using available 
low resolution data on C0( 64 ), COp ( 8 )and Beer's Law,
Ullrich calculated overlap correction factors for a range of 
optical densities.
Hottel and Manglesdorf (49 )in their published work of 
1935) list data on COg/H^O/Air mixtures. These were used to 
produce a provisional set of correction curves at one 
temperature.
The first work of any significance was produced by 
Eckert ( 29). Utilising available spectral data on COg and H^O
he produced a series of tabulated values of correction factors 
for three temperatures over a range of optical densities.
Hottel and Egbert (52 ) plotted the tabulated values
calculated by Eckert, as a function of the ratio of the partial 
pressure of H^O to the sum of the partial pressures for a given 
set of optical densities. Charts were constructed for each of 
the following temperatures: 26o^P, 1000^ and 1 7 0 0 ;  these
charts have received widespread recognition (137).
Burch, Howard and Williams (15),studied mixtures of CO^/H^O 
in Np, for sub-atmospheric pressures at room temperature. It was 
observed that the transmission of a gas mixture at any wave­
length could be calculated by using the product of the 
transmission of each component provided the total pressure 
remained the same. This observation gave rise to Burch's Law, 
the validity of which is discussed in Chapter 5. A single 
correction curve was presented.■
Tourin (1IO)published a short paper on some observations 
made on mixtures of COg and HgO at 1273 K. All measurements 
were carried out at sub-atmospheric total pressures. Beer's Lav^f 
was assumed to be applicable and used to calculate the effect 
of overlapping.
A small rocket engine was used by Ferriso and Ludwig ( 38 ) 
to study mixtures of COg and H-O in the temperature range 
1000 to 2200 K. The data, taken at one atmosphere total
pressure, was used to develop the Band Ratio Method which was 
applied to the determination of mixture concentrations. Their 
work was compared with semi-theoretical calculations based on 
the work of Ma 1kmus (68 ).
In 1963 Hines and Edwards ( 132) reported the use of a band 
overlap method applied to GOg/HpO mixtures based on certain band 
correlations developed by Edwards and Menard ( 33 ). Comparison 
of this work with the practical work of Hottel(137 ) led to the 
conclusion that Hottel* s charts are only applicable when HpO 
is black.
Several attempts have been made to calculate the overlap 
due to the presence of several overlapping species, Penner and 
Varansi( 88 )have applied the just overlapped line model (see 
Appendix I ) to GOg/HpO overlap and were able to reproduce the 
work of Hottel (137). It is interesting to note that one 
assumption in this paper substantiates the conclusion drawn by 
Hines and Edwards about the work of Hottel.
Further support has been given to Burch's Law by the 
observations of Hoover, Hathaway and Williams .(47 ) and 
Tubbs, Hathaway and Williams(l12) on mixtures of CO/NpO 
pressured with Np, H^ and Hp.
The first practical attempt to study mixtures of COp and 
CO was made by Pummel ( 141) in I969.
2-5 SUMMARY
2-5-1 Experimental Systems
Studies of the emission and absorption of radiation, due 
to gases, have been carried out using a variety of methods.
Gas cells made from metal or ceramic materials have been 
used for studies up to I5OO K. The gas has been confined either 
by venturi or crystalline windows. Confinement of the test gas 
by venturi windows is achieved by creating a sharp concentration 
boundary between the test gas and flushing gas. The use of
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external crystalline windows enabled measurements at pressures 
in excess o:f one atmosphere to be carried out ( 9 )*
Infra-red transparent materials used for cell windows range 
from the more traditional quartz ( lo8)and NaCL ( 139)to synthetic 
sapphire ( 73 ), MgO ( 14l)and halogen crystals such as BaFp ( 75 )
and GaFg( 141 ).
Data at higher temperatures have been obtained using small 
burners up to 1800 K ( 65 ), supersonic.burners to 2300 K ( 66 )
and shock tubes up to 3000 K ( 105 ) +
The use of a gas cell with infra-red transparent windows 
combines the advantages of well defined physical conditions 
(path length, gas concentration and temperature) with the 
disadvantage of a relatively low maximum temperature.
2-5-2 Experimental Data
The literature survey shows that an extensive number of 
investigations have been carried out on the total, band, and 
spectral emission from GOp and CO. Far fewer studies on 
mixtures of infra-red active gases have been undertaken and 
these have been limited to mixtures of GOp/H^O. Only one 
published study, that due to Pummel ( 14I h a s  been made on 
mixtures of COp and CO.
CHAPTER 3
DESCRIPTION OF APPARATUS
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3-1 GENERAL DESCRIPTION
The gas sample under study Is contained in a metal cell 
fitted with infra-red transmitting windows, transparent up to 
7*5 microns and capable of withstanding temperatures up to 1500^0.
An electric resistance furnace consisting of three sections 
fed by transformers is used to maintain the temperature of the 
gas. The furnace is contained in a thermally insulated pressure 
vessel. An automatic pressure control system is used to maintain 
dry oxygen free nitrogen at the same pressure as the test gas - 
minimizing mechanical stress in the windows.
The source optics provide a chopped, collimated beam of 
radiation which is directed through the gas cell, along the axis
of the main pressure vessel. This beam is focused by the
detector optics upon the entrance slit of the spectrometer. The 
energy is then focused upon the vacuum thermocouple detector of 
the spectrometer.
The optical system is flushed with dry nitrogen to eliminate 
absorption due to atmospheric carbon dioxide and water vapour.
The electrical signal from the detector is, fed to a trans­
former then to a tuned amplifier. This signal is used to drive 
a chart recorder (C.R.) and a digital voltmeter (D.V.M.). A 
paper tape punch, driven by the D.V.M., is used to encode the data. 
The tape punch is triggered by the wave-length scanning drum of
the spectrometer. The data on the punched tape is processed by a
digital computer,
3-2 GA8 CELL
The gas cell (see Figures 3-2, 3-3) is a mild steel cylinder 
105 mm. long, with an internal diameter of 26 ram. and an outside
diameter of 65 mm. It has two recesses at either end to
accommodate the window assemblies. These are seated on gold 
sealing rings and held in position by two end plates and six mild 
steel cap screws per end. 'The gas is supplied by a mild steel 
tube 425 mm. in length, 6.5 mm. p/d and is connected to a copper
supply tube in the cold end of the main pressure vessel.
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The window assemblies consist of MgO blanks brazed to mild 
steel flanged holders with titanium inserts. Magnesium oxide is 
used for the windows because of its high melting point (2800^b), 
excellent transmission properties and high temperature brazes are 
able to wet its surface. Synthetic sapphire windows were also 
used because of their greater mechanical strength and longer 
service life under the adverse working conditions.
At room temperature, long path length studies were undertaken 
using the complete length of the main pressure vessel. The gas 
was confined by two NaCL windows and the path was 138 cms,
3-3 imATING AND TEMPERATURE CONTROL
3-3-1 The Furnace
This is a three section resistance heater made from Kanthal 
A1 and consists of a main section 600 mm, long and two guard 
heaters. The complete furnace is 1000 mm. long and has an Internal 
diameter of 73 mm. The melting point of Kanthal A1 is well in 
excess of the maximum working temperature of 927^0. Ceramic 
rings are used to support the heater and spun alurnino-silicate 
fibre to provide thermal insulation.
3-3-2 Temperature Measurement
This is achieved using chromel/alumel ceramic insulated 
thermocouples which are suitable for temperatures up to 1200^0.
They are sheathed in Inconel to prolong their service life 
under adverse experimental conditions.
3-3-3 Temperature Control (see Figure 3-4)
Each section is supplied by a step down transformer. The 
two outer guard heaters are controlled manually using variacs.
The central section is controlled by a three-term Eurotherm 
controller and thyristor unit with automatic cold junction 
compensation, A chromel/alumel thermocouple is used as the 
sensing device. The controller acts upon the error between the 
set point and the actual temperature - using two thyristors in 
Inverse parallel which chop the primary wave form and thus control 
the power input to the furnace. A mains filter is also used to
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remove any spikes which might cause spurious triggering of the 
thyristors. Water jackets were placed on the outside of the 
main pressure vessel to act as a positive heat sink to improve 
temperature control and flatten out the temperature profile,
3-h PRESSURE HAEDLim SYSTEM (see Figure 3-5)
3”U-1 Main Pressure Vessel (see Figure 3-6^
This vessel was fabricated to Lloyds Class I standard 
and consists of a mild steel cylinder 9,3 mm, thick and 1230 mm. 
long. Two ring flanges 265 mm, and 510 mm. in diameter were 
fusion welded to each end. The end plates are held in position 
by sixteen 1 1/U" B.8 .W. bolts on a i-i-30 mm, pitch circle.
Metaflex, gaskets (asbestos, spiral steel inserts-A.S.A. 10) are 
used for gas sealing. Twelve smaller tubes with flanges provide 
service access to this vessel. One of the end plates Is fitted 
with a 32 mm. diameter full flow Saunders ball valve. The main 
pressure vessel is supported on three saddles bolted to the 
support frame. The main pressure vessel was tested to 68 atms. 
for a maximum working pressure of 3U atms.
Wherever possible Ermeto fittings and tubing were used in 
t.he pressure system and supplemented by thick wall copper tubing 
with Wade compression fittings where necessary. The. gas 
reservoir being a standard B.O.C, gas bottle.
3-4-2 Drying Tubes (D1, D2, D3)
The drying tubes were fabricated to B.S.I56O and are used 
to dry nitrogen and test gases. Each tube consists of a cylinder 
610 mm, long and 60 mm, diameter with flanges 27 mm. thick and 
164 mm, diameter fusion welded to each end. Asbestos gaskets, 
held by end plates and eight 5/ 8" B.S.W, bolts are used for gas 
sealing. A molecular dessicant is used for drying the gases. ■
3»-L,--3 Pressure Measurements
Pressure measurements' are made using Bourdon type gauges.
A composite pressure/vacuum gauge is used to measure pressures up 
to 1 4 .6 atms. and vacua down to 30" of mercury. Higher pressure
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measurements up to U1 atms. can also be made.
Vacuum Pump
A high capacity vacuum pump with a throughput of 
7o5 % 10"^  cms./secr and an ultimate vacuum of* 0,05 mm. Hg is 
used to provide a vacuum.
The pump is driven by a 7U6 watt single phase induction 
motor, A Bourdon type pressure gauge measures the vacuum at 
the pump entry,
3-Lj.-5 Pressure Control
Pressure control is achieved by an automatic pressure 
control system capable of maintaining a minimum pressure 
differential of 2" water gauge across the cell windows at all 
pressures up to 3k atms. (see Figure 3-7),
A pressure activated micro-switch contained in a pressure 
vessel (PV2) is connected to the pressure supply lines. Pressure 
control is obtained by operation of the mains solenoid valves 
which admit or exhaust nitrogen from the main pressure vessel.
The micro-switch has a 130 mm, diameter metal diaphragm with 
contacts rated at 500 mA at 6 volts, the electrical contact being 
open when the pressure differential is zero, A maximum over­
pressure of 0.68 atms, can be tolerated.
The micro-switch pressure vessel was made to B.S. I500 Class 2 
specifications and has been hydraulically tested to 75 atms. for 
use at a maximum working pressure of 3k atms.
Manual control of this system is made possible by using a 
Bell and Howell pressure transducer which can measure a pressure 
differential of V  of water gauge. The transducer has a solid 
stainless steel rod machined so as to leave a thin diaphragm. Its 
displacement is measured with a bridge type strain gauge. The 
bridge is energized by a stablized power supply and the output is 
amplified and is used to operate an air scale meter.
X MAIN PRESSURE VESSEL
INGAS CELLNLOUT
PRESSURE DIFF 
CELL
50 Hz
+12v
v a u M S ï a 3 ' ï«irrf<
EXCESS
CO/CO­
EXCESS
220 ohm
50 Hz
PRESSURE DIFFERENTIAL CONTROL SYSTEMIGURI
32
3‘“U“6 Safety Feat\ x v e s
The pressure vessel is fitted with a bursting disc, with 
a rated bursting pressure of UU.2 atms. at 150^0. It is 
situated above a central tube in a 122 mm. diameter flange.
In the event of the disc bursting, the exhausting gases would 
be vented to the atmosphere outside the laboratory.
One of the end plates of the main pressure vessel is fitted 
with a ball valve which enables the main pressure vessel to be 
isolated from the optical system in the event of the cold 
window breaking.
Two warning lights on the instrument panel, driven by the 
automatic control system, give a visual warning of either excess 
nitrogen or test gas.
.A carbon monoxide analyser is operated when carbon monoxide 
is used as the test gas. The analyser shows the percent of CO 
present in the atmosphere and provides an electrical signal in 
proportion to the concentration. This output will trip a relay 
and sound a warning bell should the carbon monoxide concentration 
exceed the permissible working level of 100 p.p.m. A gas sample 
is continuously drawn through the analyser, from a sampling point 
1 metre from the ground.
3-5 OPTICAL AND RECORDING SYSTEMS
3-5-1 General Description of the Optical System
The optical system, as shown in Figure 3-8, consists of the 
following components: source optics, detector optics and a 
monochromator. These optical components are rigidly joined 
together with flanged brass tubes. Sodium chloride windows are 
used to isolate the optical system from the heated gas cell.
Radiation from the source is focused upon the blades of 
the chopper by a spherical mirror. The chopped radiation is then 
collimated by an off-axis paraboloid mirror and directed along 
the axis of the main pressure vessel by a plane mirror.
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The emerging beam of radiation passes into the detector 
optics where a plane mirror directs it onto an off-axis 
paraboloid mirror which in turn focuses the radiation upon the 
entrance slit of the monochromator.
The monochromator contains a grating which disperses the 
incident radiation so that radiation of the desired wave-length 
is directed onto the vacuum thermocouple detector,
All mirrors used in the optical system have aluminium first 
surfaces,
3-5-2 Details of the Optical System
As seen in Figure 3-9, the source optics consists of:
i) the source assembly which was constructed from a fused alumina tube 76 mm, long, with an inside diameter of 8 mm, and an outside diameter of
12 .5 mm„ Heating was provided by 74 turns offine nichrome wire, wound onto the outside ofthe tube. A plug of alumina situated at 38 mm. from the end of the tube acts as the source.The soui'ce body was insulated with fibrefax andplaced in a rectangular box (128 mm. x 128 mm. x 178 mm.)made from asbestos board. The temperature was sensedusing a chrome^/alumel thermocouple and controlled 
using an Ether control unit;
ii) a 76 mm, diameter mirror of 200 mm, focal lengthwhich is held in an adjustable holder;
iii) the four blade, variable speed chopper (8,5 to
11 .5 c/s) driven by a synchronous motor. The blades are made from polished aluminium sheet and the sides facing the heated gas cell are painted matt black. A peripheral brass ring acts as a fly wheel, thus ensuring uniform modulation;
iv) an 18° off-axis paraboloid mirror of 272 mm. focal length retained in a mounting which enables it to be rotated through 380°, It may also be moved in two mutually perpendicular directions in a horizontal plane;
v) a plane mirror which can be rotated about its 
own axis.

The source optics are contained in a rectangular optical 
box 790 mm. long, 620 mm. wide and 120 mm. deep. Three
adjustable brass legs enable the height and the inclination 
of the optical box to be altered.
Internal volume is reduced by suitably shaped aluminium 
units and any extraneous reflections reduced by painting all 
the internal surfaces matt black.
The detector optics consist of an 18° off-axis paraboloid 
mirror of the same specification as that in the source optics, 
and plane mirror mounted in two ball-race bearings. This 
assembly enables the plane mirror to be rotated about an axis 
through its centre and is spring loaded against an adjustable 
stop for alignment.
The detector optics are fixed to an aluminium base plate
9.5 mm. thick which is rectangular in shape (266 mm. x 324 mm.). 
The walls are 92 mm. in height and made from 16 8.W.G. aluminium 
sheet. Aluminium angle is used to reinforce the top of the 
walls and covered with a rubber gasket material to provide a 
gas seal. The lid, also made from 16 8.W.G, aluminium sheet, 
is secured by four bolts. Polystyrene.blocks are used to reduce 
the internal volume and all the internal surfaces are painted 
matt black.
3_5-3 The Monochromator
This is a Grubb Parsons M2 monochromator, which is a single 
beam grating spectrometer. It was supplied with two gratings 
covering the ranges 1 to 5 and 5 to 25 microns,. The wave-length 
scanning drum is driven by a synchronous motor and the wave­
length scanned is directly proportional to the drum setting. 
Three drum speeds are availanle 0.8, 0.4 and 0.2 microns per 
minute in the 1 to 5 micron range. The sizes of the entrance 
and exit slits can be set simultaneously using a manual control. 
A brass cam ensures that the mechanical slit-width is directly 
proportional to the setting selected. The maximum slit-width 
available is 2 mm.
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An ellipsoidal mirror fixed to an adjustable mounting is 
used to focus radiation upon the detector. The detector is a 
vacuum thermocouple protected by a CsBr window and is covered 
with a metal sheath containing silica gel when not in use. This 
detector only responds to oscillating signals so that background 
radiation, which is unmodulated, is not detected. The system is 
used in the first order and other orders are rejected by the use 
of suitable filters. For the operating characteristics of this 
spectrometer see Appendix VII.
A digital control unit (see Figure 3-10) has been fitted 
to the monochromator. This ensures that the same number of data 
points is encoded during a series of data runs. The control unit 
enables the complete or sub-divisions of the spectral range to be 
scanned. This unit is used to control the scan in the 
monochromator by counting the revolutions of the drive motor. A 
switch driven by a series of cams on the drive shaft gives four 
pulses per revolution. The control unit consists of a counter 
which gives a count for every pulse from the cam and a pre-select 
digital switch, on which the number of revolutions required can 
be selected. Both of these units give a binary output which, is 
fed to a coincidence circuit which gives out a control pulse 
only when the counter and the digital switch counts are identical. 
This control pulse is fed to a set/reset bi-stable which controls 
a relay driving the motor. Added to this bi-stable is a circuit 
allowing start/stop and reset facilities.
The signal from the thermocouple detector is fed to an 
impedance matched transformer and then to a Grubb Parsons thermo­
couple amplifier (T.A. 10). The amplifier operates at 
10 + 0.45 c/s producing a D.C, output. It has an adjustable zero 
bias and a gain which is variable up to a factor of 2 x 10^.
These instruments are supported by a sponge rubber mattress to 
reduce vibration generated noise.
3-5-4 Optical Alignment (see Figure 3-10
Optical alignment is achieved using a high pressure mercury 
lamp and a KÜhler configuration back projection unit. This unit 
is placed on a brass locating plate on the base of the
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ko
monochromator. Mercury light is focused on the exit slit of 
the monochromator. The grating is set to pass energy at a 
wave-length of 2.2 microns and the mercury light passes through 
the monochromator and into the optical box and along the axis 
of the main pressure vessel if the alignment is correct. The 
components in the optical box are adjusted in relation to one 
another until this condition has been achieved. For further 
details see Section h-1-2.
3-5-5 The Recording System
This consists of a parallel combination of a chart recorder 
(C.R.) and digital voltmeter (D.V,M.) driving a punch tape 
machine. The C.R, is a two channel Rikendenki potent!ometrie 
machine which produces a continuous wave™1engtVenergy plot.
The D.V.M. is a Solatron machine type 111 1b20-2 with a LI) 1718 
punch unit attached. The D.V.M. measures the input signal when 
a trigger pulse is received from the drum micro™switch. The 
signal is encoded on paper tape by a type 5 Addo punch machine 
(even, eight hole parity). The external trigger system for the 
Addo punch machine is driven by a relay, which prevents any 
mechanical back lash in the monochromator from causing multiple 
triggering.
The data tapes are processed using an I.G.L 1905P digital 
computer with programs written in Algol 6o.
CHAPTER 4
EXPERIMENTAL METHOD
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4-1 PREPARATION
4-1-1 Gas Cell
The gold ’0^  rings and window assemblies were removed from 
the dessicator. Some very fine grinding paste was used to 
'grind in' these components to improve the gas sealing. The end 
plates were then secured in position and tightened down upon the 
flanges of the window assemblies until the gas cell was able to 
withstand a pressure difference of 4 atms. without leaking. 
Nitrogen was used for leak testing,
A piece of asbestos matting of the correct dimensions, which 
had been previously baked in an oven to remove the organic binder,. 
was placed in the furnace. This ensured, that when the gas cell 
was slid into position within the main pressure vessel, it was 
co-axial with the main pressure vessel. The thermocouple was 
then put into its appropriate place and the gas supply v/as 
connected to the gas cell.
4-1-2 Optical ^stem
The operating temperature of the source was selected and the 
controller switched on to allow sufficient time for the source to 
reach this temperature, ,
The main flange and Metaflex gasket were put back into 
position and the sixteen bolts set to a torque of 200 Ibf. ft.
One of the external window assemblies consisting of a sodium 
chloride window in a brass holder was removed from the dessicator 
and bolted into position. The source optics were then secured to 
the main pressure vessel using a brass tube with flanges. This 
procedure was repeated with the detector optics and monochromator. 
The nitrogen purging lines were then connected.
Alignment of the optical system was carried out using a high 
pressure mercury lamp and the Kühler Illumination Unit (see 
Figure 3-11). The covers of the monochromator and source optics 
were removed and the back-projection unit placed upon the location 
plate.
uJ
A primary mercury emission line was used as a calibration 
source and the grating set at 2.2 microns (setting 30 on the 
drum-scale). The resulting beam of mercury light was focused 
on the entrance slit and collimated by ^de off-axis paraboloid 
mirror. Adjustment of this mirror about its axis directed the 
mercury light onto the plane mirror and through the main pressure 
vessel. The plane mirror was rotated so as to direct the beam 
along the axis of the main pressure vessel.
The emergent beam was checked for divergence. If any
divergence was apparent the off-axis paraboloid miiTor was moved 
on an axis perpendicular to that of the main pressure vessel 
until it was eliminated.
The source optics (see Figure 3-9) were then set up using 
this parallel beam of mercury light. This was focused on the 
blades of the chopper, the distinct rectangular image of the 
entrance slit being apparent. The spherical mirror was adjusted 
using two set screws to direct the slit image upon the source.
If the image of the source and exit was focused in the same 
plane at the chopper and the beams coincident on the plane 
mirror, the optical system was considered to be in alignment.
Following this, the monochromator, amplifier, digital volt­
meter (D.V.M.) and chart recorder (C.R.) were switched on to 
allow sufficient time for these instruments to warm up.
Alignment of the ellipsoidal mirror was the next stage in the 
preparation of the optical system. The chopper was switched on.
A wave-length was selected manually with the drum-scale, to 
give maximum response on the D.V.M, The mounting for this 
mirror has three spring-loaded set screws;; one at the centre of 
left side A, and two on the right - an upper one B and a lower 
one C. Screws A and B were adjusted alternately so as to 
maximize the signal on the D.V.M. Correct focusing of the exit 
slit image upon the detector was checked by moving the mirror 
mounting relative to the detector to maximize response on the 
D.V.M. (this adjustment was very rarely required).
The final adjustment consisted of 'tuning* the variable 
speed chopper, again to maximize the response on the D.V.M.
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The covers were replaced upon the source optics and the 
monochromator, and the nitrogen purging started to eliminate 
atmospheric water vapour; this prevented any unnecessary 
deterioration of the window surfaces.
4-1”3 Recording System
A matt black shutter held in the filter selector of the 
monochromator was rotated into the optical path to give a zero 
signal to the detector. Both the C.R. and the D.V.M* zeros 
were set accordingly. The shutter was removed from the optical 
path by turning the filter selector, and the appropriate filter 
was put into position. Applicable full scale deflections were 
set for the C.R. and the D.V.M.
The wave-length drum was set to the starting wave-length 
and the region to be scanned was selected on the digital 
controller of the monochromator.
Finally, the pen on the C.R. was lowered, the chart speed 
selected and the chart drive switched on. The D.V.M. was set 
to manual trigger and the punch drive unit and paper punch were 
both switched on.
4-1-4 Start-Up Procedure •
Initially, all the valves in the handling system were shut. 
The power to the pressure transducer was switched on and the 
vacuum pump started with valves El fully open and A3 partially 
open.
The gas cell and the main pressure vessel were evacuated 
by closing valve A3 and opening valves C1 and FI. During this 
operation the pressure differential gauge was watched. Cooling 
water for the main pressure vessel was turned on. The furnace 
and guard heaters were switched on. Selection of the required 
gas temperature was made using the digital settings on the 
Eurotherm controller. The variac controllers were set to pre­
determined values for the -secondary voltages.
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After the gas cell and the main pressure vessel had been 
under vacuum for about 10 minutes,, valves A1, B2, 34, 02, E2 
and E3 were opened to evacuate the complete pipe system.
During evacuation the molecular dessicant, in tubes D1, D2 and 
D3, was reactivated.
The vacuum pump was then isolated by closing valve FI and 
switched off. Valve A3 was opened to eliminate the vacuum in 
the pump. Nitrogen was admitted to the system after valve A1 
had been closed,
4r^ OPERATING METHOD
4-2-1 General Outline
A gas sample was prepared in the reservoir R. The record­
ing system was set up, the main pressure vessel and gas cell 
were evacuated, and a transmission run was carried out. The 
recording system was reset.
Nitrogen was admitted to the main pressure vessel at the 
same time as a gas sample was admitted to the gas cell and an 
absorption run was carried out. This cycle of events was 
repeated for each gas mixture over a range of temperatures and 
pressures,
4-2-2 Gas Mixture Preparation
The complete gas handling system including the reservoir, 
v/as evacuated as described in Section 4-1-4»
Valves A1, B2, B4? 01 and M2 were then closed. Carbon 
monoxide was admitted to the system controlled by the valve Ml, 
and SV1 was opened. Once the required pressure, set by the CO 
regulator, was indicated by the pressure gauge G3» M2 was 
opened. The reservoir filled until the pressure equalled that 
set by the regulator. Valve M2 and the CO supply were shut off 
and El opened to evacuate the pipe line.
Carbon dioxide was admitted to the gas reservoir at the 
required pressure (in excess of that of CO) set by the COp
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regulator. The same procedure as that for carbon monoxide 
was followed and the pipe line was'again evacuated.
4-2-3 Scanniiig Procedure
To start a spectral data scan, the start button on the 
digital controller was depressed. Data were encoded on the 
paper tape when a trigger signal was received from the wave­
length drive drum.
At the end of a spectral run, the tape v/as run out and 
the punch drive v/as then switched off. The indicator on the 
controller was compared with the digital setting to check that 
the correct number of data points had been punched. The wave­
length drum was wound back to the initial wave-length of the 
scan. The indicator was reset and the punch drive switched on, 
The system was now ready for another data recording run,
4-2-4 Transmission Run
A transmission run was carried out after the gas cell and 
the main pressure vessel had been evacuated using the procedure 
given in Section 4-1-4. The transmission spectrum was then 
recorded as described in the Section on Scanning Procedure.
The data recorded during this spectral scan provides the 
reference energy for the absorption run.
4-2-3 Absorption Run
For an absorption run, the gas sample was slowly added to 
the gas cell to make pressure balancing easier, to avoid any 
undue mechanical stresses in the windows and to minimize any 
drop in cell temperature. Pressure balancing was performed 
manually using the valves 01 and 02 and the differential 
pressure gauge.
When thermal equilibrium had been reached, the spectral 
scan was started as described in Section 4-2-3 on Scanning 
Procedure,
U7
4-3 DATA REDUCTION
The data encoded on papei* tapes were processed using a 
computer program written in revised Algol 60, on an I.G.D.
1905 F machine. There is a linear relationship between the 
magnitude of the energy received by the detector and the 
encoded value. Thus spectral emissivities, band absorptances 
and band emissivities may be calculated directly using the 
encoded data. Spectral emissivities were calculated using the 
expression given below:
= ( h  - ^A)/«A 
U-U ASSESSMENT OP EXPERIMENTAL ACCURACY
The validity of the data obtained in this experimental 
investigation is dependent upon the accuracy with which the 
thermodynamic state of the gas may be defined and the 
inaccuracies in energy measurements.
4-4-1 Temperature Measurements
Temperature measurements were made using commercially 
available chromel/alumel thermocouples manufactured in 
accordance with B.S, 1827. They are, therefore, accurate to 
within ± 0,75% of the standard E.M.F, characteristic for 
temperatures in excess of 400%. The temperature of the gas 
is assumed to be the same as that of the inside wall of the gas 
cell. The sensing thermocouple is not at the inside wall, but 
as near to it as is practicable, and an error in the order of 
+ 0.22% is involved.
The overall error in defining and controlling the 
temperature of the gas is thus of the order of + 1%. This 
represents an error in total black body radiation of ± 2,3% at 
1200 K (calculated from this temperature).
4-4-2 Pressure Measurements
The absolute pressure of the test gas was measured with
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Bourdon type gauges made to B.8. I78O, Pressure readings were, 
therefore, accurate to + 1% over the complete range. The 
purities of the gases used during the course of this investigation 
were as follows:
i) carbon monoxide, O.P. grade 99.8% 
ii) carbon dioxide, commercial grade 99.95% 
iii) nitrogen, oxygen free, minimum of 99.9%.
Thus the maximum error in pressure measurements is 4 1.2%.
Gas mixtures were made up as described in Section 4-2-2.
The error in specifying the total gas pressure is ± 2.4% and in 
the molecular fraction (assuming the gases to be ideal) is 
± 3.6%.
Rapid mixing of the gases during make-up ensured that the 
sample composition did not vary during a set of pressure runs.
4-4-3 Monochromator
The wave-length repeatability of the monochromator is 
stated as being ^ 0.001 microns in the 1 to 5 micron range.
The average error in relating spectral energy to wave-length is
± 0.04%.
Slit-widths could be reset with a stated accuracy of 
0.01 mm, with a linear slit cam in use. This corresponds to an 
error of + 0.53% on the selected slit-width of 1,9 mm. The 
influence of slit-widths on the accuracy of energy measure­
ments is discussed in Appendix VII and the error in these 
measurements is ± 1,06% ,
4-4-4 Data Reduction
Experimental data is punched on an eight track tape in the 
form of numbers consisting of four significant digits. These 
numbers are stored within the computer with an accuracy of 
eleven significant digits. Floating point arithmetic, which
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automatically handles the position of the decimal point, is 
carried out using the data. However, it is important to note 
that minor arithmetic inaccuracies may occur in floating point 
arithmetic. These are usually small and can be ignored for 
practical purposes.
CHAPTER 5
THEORETICAL SECTION
51
5-1 FUNDAMENTAL DEFINITIONS
5-1-1 Emissivities
The hemispherical monochromatic or spectral emissivity of a 
gas at temperature T^ is defined as
 ^^  ^ 5-1•Mill*» ewwSHywknaWB »
=BAf^GV  - E^,(T^)dA
The total hemispherical emissivity of a gas is defined as 
the ratio of the total emissive power of the gas to the total 
emissive power of a black body
.where the total emissive power of a black body is given by the 
well-known Stefan-Boltzmann equation
Eg = oT^ 5-3
To evaluate Equation 5-2 it is necessary to know how the 
spectral emissivity varies with wave-length. Gases exhibit band 
spectra because they emit and absorb radiation over discreet 
wave-length regions. It is apparent that Equation 5-2 may now 
be expressed as
%  = 1 1 5-U
where
, ' 5-5
The ratio of the energy emitted by the spectral band to the 
total energy emitted from a black body, as given in Equation 5-5, 
is the definition of band emissivity. A useful approximation . 
can be made by considering the monochromatic emissive power of a
black body to be a slowly varying function of wave-length.
This may then be removed from the integral and replaced by a
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mean value of monochromatic emissive power such that
G 5-6
5-1-2 Band Absorptance
Band absorptance is defined as follows
Using Kirchoff's Law which states that, for a gas in thermo­
dynamic equilibrium, monochromatic emissivity and absorptivity 
are the same. Substitution of Equation 5-7 into Equation 5-6 
yields a very useful expression for band emissivities.
F .= - 5-8
 ^ aT^
This equation is extremely important for it has been shown, 
both theoretically and experimentally ( 7,125) that band
absorptance is independent of instrumental effects,
5-2 THE FUNDMIENTAL ABSORPTION RELATIONSHIPS
5-2-1 Fundamental Absorption Law
The change in intensity -dl. in monochromatic intensity 
I^  , upon passing through an element of absorbing media, is 
proportional to the intensity and the path length dL. This may 
be expressed as follows;
-dl^ = 5-9
Integration of Equation 5-9 yields an exponential absorption
law
LI = I exp(- / K dL) 5-10A o/t 0 A
For K independent of position Equation 5-10 becomes
exp(- K^L) 5-11
This expression is known as the Bougei’-Lambert Law (122)
and has applications in many branches of science. For a gas it
is customary to define an absorption coefficient k. for use in 
combination with partial pressure of the gas, where
5 k^p 5-12
exp(- k^pL) 5-13
This is Beer’s Law (122). The product pL is often referred 
to as optical density or optical path length. The term’’optical 
density" is preferred because it conveys the idea of molecular 
concentration, for optical density is directly related to the 
number of gas molecules per unit area perpendicular to the 
geometric path.
It is apparent from some experimental data (117,6 ) that
Beer’s Law is not always obeyed. This is particularly noticeable 
in some gases which exhibit square root (114) and even logarithmic 
(54 ) dependence upon optical density.
5-2-2 Absorption Coefficients
Energy changes within molecules are dictated by quantum 
considerations. Various perturbing phenomena give rise to a 
spread in the frequency associated with a given energy•change. 
Spectral line profiles are used to describe the frequency spread 
and thus the absorption and emission of energy.
Three of the most common perturbing phenomena are: Natural,
Doppler and Collision broadening (see Appendix II).
In the infra-red region collision broadening is dominant 
( 4-5) and can be successfully described using a Lorentzian 
profile ( 63 ) .
k = 5 4 _____ 5 _______ 5-14
^ - 0)^ )2+ b|
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Two parameters are used to define the spread of a 
Lorentzian line shape, these are:
i) line strength S, where
8 = / k dw 5 -1 5•—CO CO
and ii) the half-width b^. such that
k(wQ± b^) = ik(wo) 5-16
5-3 COLLISION HALF-WIDTH8 AND %)IVALENT PRESSURES
The Lorentzian collision theory relates the spread of 
spectral frequency to the mean time interval between collisions 
and thus to the frequency of molecular collisions. It can be 
shown using elementary kinetic theory that
b  H a l  C a i  ( 2 n k T ( 1 / m a  +  1 / m . ) ) *  5 - 1 7
For a pure, ideal gas which is active gas Equation 5-16 reduces
to
^ = °aaV'“^ 5-18
where = (4wm^k)~2 5-19
Whereas for a mixture containing an infra-red active species a 
and an inert gas n, the half-width b^ is given by
1 ( Gca P& + ?n )b = G I ) 5-20( Gan j
where
( m + m
(^ an = I { ""an
The expression in parenthesis in Equation 5-20 is known as 
equivalent pressure P , and' the ratio G^ /C the self broadening
V ?  c a  o .  c mto foreign broadening coefficient. Equations 5-18 and 5-20 are 
related to standard conditions of temperature and pressure,
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usually 300 K. and one atmosphere and may he expressed as
b = P„(T /T)^ 5-22ao a ' O' 
and
b = ' 5-23
The equivalent pressure illustrates that the effect of self 
broadening (collisions between like molecules) is different from 
that of foreign broadening, A fact first reported by von Bahr 
( 117) In I9IO0 Self broadening coefficients have been determined 
for CO ( 16,3 ) and GOp ( 16,3 ) with as the broadening
agent. The line broadening abilities of other gases can be 
found by comparing the partial pressures with Np for equal 
absorptance, at a given optical density. Since values for 
B are determined relative to nitrogen, the foreign broadening 
coefficient P of any other gas c is defined by
P = Pjj /Pg ' 5“2U
2
P factors can be related to the fundamental properties of the 
gases, the expression for the collision half-width of a gas a, 
broadened, by c is
^ ( &  j • [*^aa^a * ] 5-25
Introduction of the constant for nitrogen and
subsequent rearrangement yields ^
1 ( 2ir( kT ) 5-26
The ratio can be identified with the P factor of gas
c. Values for P have been calculated using this expression. 
Data on collision diameters were taken from G-aydon and Wolf hard 
(127) and Burch, Singleton and Williams ( 16 ) .
Table 5™1 Calculated P Factors Prom Available Data on Collision Diameters
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GAS
GO
COr,
BAND, BROADENING MICRONS GAS
Uo7
4.3
GO,
GO
G. & W.
(127)
0.98
0.905
B. 8. & W. 
(16 )
1.41 + 0.07 
1 ,0 0 ± 0 .0 7
Self broadening coefficients relative to nitrogen and other 
gases for COg and CO have been calculated and compared with the 
experimental data.
Table 5-2 Self Broadening Coefficients
GAS BAND, BROADENING MICRONS GAS BCALCULATED
CO
GO,
4.7
4.3
N,
GO,
CO
0.98
1.00
0 .9 6
1.00
EXPERIMENTAL
1.02 + O.OU ( 3 )
1 .0 2 + 0 .0 6 (16 ) 
0.73 ± 0 .15*
1 .3 0 + 0 .0 3  ( 3 )
1 .3 0 + 0 .0 8 (16 ) 
1 .2 7 + 0 .15*
These values were calculated from measured values of 
collision diameters from the data of Burch, Singleton and 
Williams ( 16 ) .
Draegert and Williams (25) have considered the broadening 
effect of carbon dioxide upon the fundamental of carbon monoxide, 
an average value for P of 1.2 across the band has been taken 
from their data.
Several investigators ( 22,25 ) have observed a variation
in B with rotational quantum number for the 4.7 micron band of 
GO, This occurs with inert broadening agents other than nitrogen 
Thus values for self broadening coefficients are band averaged.
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The concept of equivalent pressure is extremely useful and has 
been used with great success by many researchers ( 18 , 114 ,
30 ,138 ) to correlate their experimental results.
The final form of equivalent pressure is as follows
h  = + SFlPl 5-27
At elevated pressures the influence of inert broadeners is 
not limited to the collision broadening of spectral lines. 
Induced bands occur which are centred at the sum and difference 
of the component species fundamental vibrations. These bands 
are caused by the mutual deformation of charge distributions of 
the molecules at very short distances. Two bands centred at 
3.34 and 2.14 microns have been observed for GOp/Ng mixtures by 
Ketelaar and Pahrenfort (134) for pressures in excess of ten 
atmospheres.
5-4 NARROW BAND MODELS
The variation of spectral emissivity within a band with 
temperature, equivalent pressure and optical density can be 
described using narrow band models. These are idealised 
mathematical models which make various assumptions about the 
intensity, shape and distribution of spectral lines, in the, 
band. All band models are constructed in terms of two parameters
:3 ” 2ïïb/d and x = SX/2îrb
Two models which are most widely used in the description 
of emissivities and absorptivities are the Elsasser (126) and 
statistical (136) models. King (58), has shown that they.are 
limiting cases of a more general model. For further details of 
these models see Appendix III.
5-4-1, Application of Narrow Band Models
The Elsasser model can be applied to vibrational/rotational 
bands in the infra-red region which have fairly evenly spaced 
Lorentzian lines and slowly varying line strengths. It has been
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applied with success to carbon monoxide ( 1 ,139 ).
Spectral bands which exhibit near-random line structure may 
be described using the statistical model. Water is one molecule 
which has complex emission spectra and may be adequately 
described by the statistical model (129). Simpler molecules 
such as CO2 (74) have also been correlated using this particular 
model.
It has been shown by Oppenheim ( yi;. ) that certain bands of 
COg can be described by the Elsasser model at temperatures belo'
1000 K  and above by the statistical model,
A summary of the relevant equations follows:
Elsasser Model
i) weak line limit - Beer’s Law
= 1 - exp (- SX/d ) 5-28
ii) strong line limit
5-29
Statistical Model
Ew = 1 - exp (•" Aj/d) 5-30
5-4-2 Temperature Variation of Spectroscopic Parameters
To determine the effect of temperature upon spectral 
emissivity using narrow band models, a knowledge of the 
temperature dependence of spectral parameters is required
i) Collision Half-Width b
As given in section 5”*3 the collision half-width b can be 
adequately related to temperature as follows from Equation 5-23
b = b P_T~& 5-31o e
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ii) Mean Line Spacing d
The mean line spacing is a difficult parameter to evaluate 
at any given temperature. For a harmonic oscillator the mean 
line spacing is constant, whereas the mean line spacing for an 
enharmonic oscillator is a slowly varying function of the 
rotational quantum number. The best means of describing this 
variation is the use of an empirical expression, in a manner 
similar to Thomson (ll|l|.)«
a = d^(T/T^)^ 5-32
For the fundamental band of CO the exponent ç may be taken as 
0 . 0 3 8 3 .
The ratio b/d dictates the effect of pressure upon spectral 
bands, it is, therefore, advantageous to consider temperature 
variation of these two parameters as
h  ‘ 5-33ea ( T ■
ill) The Integrated Intensity of a Band a 
The integrated intensity of a band is defined as follows;
a(T)=/k^ dto 3-34
For non-overlapping lines the Equation 3-34 can be seen as
the summation of all the line strengths in the band. It is a
measure of the mean line strength of a band.
The temperature dependency of a may be related to a 
reference temperature T^ and expressed as
a(T) a(T^) (T^) 4(T) 5.,35
(T )
where *(T) is the functional dependence of a upon temperature 
and its exact form depends on the type of band under consideration
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i) for the fundamental hand of a harmonic oscillator-
*(T) = 1 5-36
This has been found to apply to CO (139) and NO (12 ),
ii) for an overtone of a harmonic oscillator
$(T) = 0 5-37
The inclusion of first order anharmicity terms leads to the 
following expression for the n—- overtone ( 12)
—n#(T) “ [1 - exp(-* hew /kr)] . [1 - exp(“ nhcw^/kT] 5-38
which has been applied to high temperature measurements of the
overtone of CO ( 12).
iii) for Fermi resonance or combination bands
■n
$(T) " [l - exp(- hew /kT)] [1 - exp - hcw^/ldl]
X [1- exp(- (n^w^ *}• 2w^)hc/kr)] 5-39
The 2.7 micron band of GOp is an example of this type of 
band (131).
iv) Effective Band Width
This may be defined as the wave-length interval within which 
the spectral lines of a band make a significant contribution to 
absorption. Penner (139) has shown that for a harmonic 
oscillator the effective band width is proportional to the square 
of temperature.
It is often related to a reference temperature T^ such that
Aw = Aw^ (T/T^)* 5-40
At sufficiently high'pressures or for a band composed of 
closely spaced lines, the tails of the spectral lines will
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extend beyond the temperature defined effective band width as 
given in Equation 5-40/
The following analysis shows that the definition of an 
effective band width may be extended to include the effect of 
optical density and equivalent pressure. For high values of 
pressure the absorption coefficient due to overlapping 
Lorentzian lines may be approximated by
nEi=1
The choice of a suitable limiting value for allows 
Equation 5-41 to be rearranged so that the band width becomes
Aw = 2 /ab%/k ? 5-42e wL
The above expression can be related to the temperature 
effective band width Aw , using limiting values of optical 
density X and half-width bi-i
Aio = Am j X2 5-43,e If,
This simple analysis shows that the pressure effective band 
width has the same dependence upon X and T as observed by 
Gray (I30).
v) The Mean Line Strength S
The mean line strength of a band is defined as 
8 a/(Aw/d) 5-44
where the ratio Aw/d represents the number of spectral lines in 
a band.
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5-4-3 Pressure Effects in Spectral Models
Observations by Penher (I39) show that for pressures in excess 
of one atmosphere at room temperature the total absorptivity of 
COp is insensitive to changes in total pressures. Similar 
observations on CO (139) indicate the pressure limit to be ten 
atmospheres at room temperature.
Considering both the Elsasser and statistical model in the 
weak line limit, band absorptance is given by
Ag = Aw ( 1 “ exp(- SX/d) ) 5-45
Equation 5-45 is independent of equivalent pressure indicating 
that complete overlap of spectral lines has taken place.
Work by Penner (139) on the fundamental and overtone bands of 
CO indicates that band absorptances can be correlated as a 
function of the square root of and X. Further confirmation of 
this may be found in the work of Vanderwerf and Shaw (114)«
Howard, Burch and Williams (54) have correlated data on the 
4 . 3  micron band of COp with the square root of optical density.
An asymptotic lower limit of the strong line expression of 
the Elsasser model. Equation 5-45 shows that
A% = Aw 2 /Sb^PgX / a 5-46
A square root dependency of A^ ' upon and X, Both models 
examined in this section exhibit certain relationships between 
Ap» Pg and X which have been confirmed by experiment.
5-4-4 Application of Spectral Models to Bands
Spectral models can be used to correlate data at varying 
conditions of temperature, equivalent pressure and optical 
density by utilising the temperature and pressure relationships 
of the various spectral parameters (given in Section 5-4-2).
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Substitution of the various expressions for tJhe temperature 
dependence of spectral parameters into Equations 5-28, 5-29 and
5-30 yield the following relationships.for the Elsasser model
i) the weak line approximation
1 rAg = Aw^(T/T^)2 . [1 - exp(- D^(TyT). $(T) X)] 5-47
where D . - a / Aw 1 o o
ii) the strong line approximation
/I3 = Aco^(T/T^)i erf (C^ (T^/T)1+S /$(T)PgX) 5-48
where C. = /ira b /cT Aw 1 o o o (
For the statistical model utilising a simple expression for 
line absorptance ( 129), Equation 11-18,. band absorptance is 
given by
Ag = A uya ’/T ^ ) i [ - 1  -  e x p ( -  D ., ,X 4 .(T ) (T y T )V {1 + D 2 $ (T ) i| \^ y T F "^ X } t]
5-49
where D„ = “ o o 
4Ao,ob-
5-5 AM EMPIRICAL BAMD MODEL
The experimental results of Burch and Williams ( 18 ) for the 
4,7 micron band of CO exhibit a stronger dependence of band 
absorptance on X than on For X and P the values for the
exponents are 0.54 and 0.44 respectively. Band absorptance is, 
therefore, proportional to the pressure of pure CO, The derived 
values for the exponents are band averaged. The maximum value 
for the exponent on X is 1 , 0  and the minimum 0,5, whereas the 
maximum value for the exponent on equivalent pressure is 0.5.
In the transition from the linear to the square root region it 
would seem likely that these exponents will assume intermediate 
values in their respective ranges. Alternatively, the Lorentzian 
line profile may not be applicable.
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For a band composed of non-Lorentzian lines, the normalized
line shape is given by .
1 SXb 1 c cn
(urL 'w jn +
A mean value of line absorptance Â, can be determined if a
suitable expression for a probability distribution function is 
used.
From Appendix III:
Ag = /”Ag(S) P(S) as 5-51.
For an exponential distribution
P(8) d8 = 8 exp(- ^45) #3 5-52
the mean line absorptance is given by
Â = (1/5) (1 - exp(- 8Xb"""''n 8in(Tr/n)/2TT)
4 0 w — ( w — w^) + b
X dw . exp(- s/s) dS 5-53
After a lengthy series of manipulations and changes in the
order of integration (135), the mean line"absorptance can be
expressed as
 ^ 1
A^ = 8X [l + n sin(n/n)8X/2wb] ^ 5-54
Equation 5-53 is now used to develop various limiting 
expressions for band absorptance. The exponential expression due 
to Edwards and Menard (33 ) is used to account for the variation 
of s/d with wave-length
8/d = exp(- (A - Aoï/A^) 5-9#
Band absorptance is now given by inserting Equations 5-54 
and 5-55 into the statistical model Equation III-28 and integrating 
the resulting equation with respect to A
00 ^ 1  Ag = /^ (1 - exp(-(8X/d). [l+n 8in(7r/n)8X/27rb|'^~ ))dA 5-56
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For small values of X and using the substitution 
z = exp ( - (A - Equation 5-56 becomes
A 1 - 1A^G^X ^ sin(7r/n)Ç Xz/g dz 5-57B 0 0 o L '  ^ o
Ag = 3 [^(1 'h KC^X/3)^ - lj where K= n sin('ïï/n) 5-58
KC* XFor small values of• o , Equation 5-58 becomes 
Ab = A^c^x 5-59
the linear region, and for KC X>>3
1 1 - J.Ag = nA^(C^X)'^ (e/K) " ' 5-60
Equation 5-6o reduces to the familiar square root expression 
when n = 2. Choosing n = 1,8, the exponents in Equation 5-60 
.became 0.555 and 0.455 which are very nearly the same values as 
given by Burch and Williams '(18 ), This does not mean to suggest 
that the lines in the 4.7 micron band of CO are non-Lorentzian. 
The structure of Equation 5-57 allows for the adequate 
description of the transition from linear to square dependence 
upon optical density. It is of greater application than its 
initial basis would suggest.
Several investigations have shown that data, taken at large 
optical densities, for both COp (54 ,20 ) and CO (18 ) are best 
correlated using logarithmic expressions.
This use of Equation 5-57 may be extended by including it
in a logarithmic expression
1 '
Ag = A^ln ( ( ^  . [-1 + KC^X/ê] - 1) + 1) 5-61
The above expression reduces to the correct limits for small 
X given by Equations 5-59 and 5-60 and yields two further 
expressions in the logarithmic region
Ai. = A ln(C X) 5-62
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4 1 -Ag = A^lnCn (G^X) . (g/X) ) 5-9^ 3
The parameter KG X/3 should be constant for a pure gas. 
However, observations on the 2.0 micron band of COp show that 
this is not always so. Measured band absorptances change from a 
linear to a square root dependency on optical density. To account 
for this, the above parameter must be a function of pressure.
Thus the equivalent pressure is given an exponent, less than one. 
Equation 5-60 is changed accordingly in order to preserve the 
overall linear dependence on pressure
4 ». _ 4' ( 'n )' Ag = nAyc ^ x f  . (2TTb^p“/Kd) • 5-64
5-6 OVERLAP OF SPEGTR/^ BANDS
5-6-1 The Fundamental Relationship
The total emission of energy from a mixture.of two gases, 
active in the same wave-length regions, is less than the sum of 
separate gas emission. This reduction in emission, under the 
same conditions, results from the partial or complete overlap of 
spectral bands. Consider a monochromatic beam of radiation which 
passes through two adjacent columns of gas a and b. The overall 
transmissivity of this gas system is
h b  = h * ^ b  5-65
Introducing spectral emissivities e. and e and rearrangeA a Ading, yields an expression for spectral overlap
^Aab “ ^Aa ^Ab ^ ^Aa ^Ab . 5 66
The correction for spectral overlap is given by the product 
of spectral emissivities and can be integrated with respect to 
wave-length to obtain an expression for overlapping band
emissivities
S a b  = S a  + S b  - ^ S b  5-67
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where
~ ^Aa ^ Ab
and AAy is the band width of overlap.
Thus estimates of band emissivity corrections can be
obtained using Equation 5-67, The development of the above 
expressions assumes implicitly that the two gases have no 
influence upon one another. They are, therefore, based on.Beer’s 
Law. The effect of pressure broadening is discussed in 
Section 5-3 and it is apparent that it can have considerable 
influence upon band emissivities. Thus Equations 5-66 and 5 -6 7  
must be changed so as to include the effect of pressure broaden- 
lag
for spectral overlap
■ - X 5-68
and band overlap becomes
X dA/Eg 5-69
Experimental work carried out by Burch, Howard and 
Williams ( I5) on mixtures of COp and HpO at small optical 
densities and constant total pressure has apparently confirmed 
the validity of Equation 5-66, which they called Burch’s Law.
It is not apparent from their data, as to whether these gases 
were in the linear region of optical density. If this was so, 
Equation 5-66 would certainly apply. However, if the gases were 
both dependent on the square root of optical density, it will be 
shown that this applies under the chosen experimental conditions.
Expanding Equation 5-68 in a Taylor series and only retain­
ing the first derivative terms
==Aab = ^  « h a  + Cxb(X'Pe'T) + ^  « h bd^ea • eb
- (:xa(X.P='T) •>• ih â  . «Pea + ^Ab^-Pe^h + ^ .« P g P  5-70d^ea ^eb
where the above emissivities are those determined for GOp/Ng and 
HgO/Ng mixtures.
Upon collecting terms, Equation 5-70 becomes
S a b  = Cxa(X.Pe'T) + ^ x b ^ . P e . h  " ^xa(X,Pe'^)
- E , ,  . ^  «ha ■ 5-71,
S^eb
For small optical densities the square root asymptote of 
the error function of the Elsasser model is assumed to apply 
such that
69 I1I
9E,. (Sb X 1
and
®^Xb ' 5-73
3Peb - d eb
Since self broadening coefficients are determined relative 
to nitrogen, F factors will be introduced. As the total pressure 
was the same for the gas and mixture measurements, the finite 
changes in the equivalent pressures are as follows:
« P e a = ^ h “ ' ) h
and
«Peb = (I"a - 1) Pa
Substitution of the above expressions and Equations 5-72 and
5-73 into Equation 5-71 yields:
" 7 0
= E,/X,P^,T) e,,(x,p .T) - e,/x,p .T)e,,(X,P„,T)Aab ' e* '  ^Ab^ ' e? '  ' e* '^ A b ^ ^ '^ e
a / ^ i a  +  ( ^ b  -  D h / ^ l :X {1 + (P - 1)1//p 1  + (P. - O P v/p L )  5-74
Values for (CQg) and P , (HpO) were as follows:
0 .1 9 7 5 and 0.21+60 atms., whereas P^ and P^ were 0.0011 and 
0.0018 atms. respectively. Thus the additional correction factor in 
the last set of parenthesis is extremely small.
Thus Equations 5-66 and 5-67 are still applicable, even 
though the gases may be in the square root region.
.In order to use Equations 5-67 and 5-68 the band width of 
overlap must be known as a function of temperature. An 
approximate expression is given below:
AA^ ~ (AA^ 4- AA^)/2 - 5-75
Narrow band models can be used to correlate the overlap of 
spectral bands. The most successful approach is the use of the 
statistical model with a correction for overlapped line 
absorptance (see Appendix II) extended to band absorptance,
Ae - Eg {1 - exp(~ ^al/^)}AAj./Eg 5-76
5-6-2 Application of the Empirical Band Model (Section 5-5)
This model can be applied to band overlap by considering 
mean values for spectral emissivity for the two gases a and b.
The band overlap correction is, as follows
= S, h a  . h b  , ' AXt/Er ' 5-77
5-7 LIMITING BAND EMISSIVITIES
The use of an effective band width gives rise to the concept 
of a limiting band emissivity. It may be defined as: the ratio 
of the energy from a spectral band which is black throughout to 
the total energy emitted by a black body. The black band 
emissivity
• . ■ 71
/ ^  E d A AE„ a x b a  ~ q£ _ ~ —— r— 5““7o
r  Bg)dX oT^
For Eg^ as a slowly varying function of wave-length in the 
wave-length region A A., Equation 5-78 becomes
e ^ ' 5-79BB n^ h ^Q
The sum of limiting band emissivity for all the active bands 
of a gas forms an envelope for practical measurements.
The shape of gaseous band emissivities is dictated by the
corresponding black band emissivities. As the maximum spectral 
energy of a black body moves towards shorter wave-lengths with 
increasing temperature, so various wave-length regions gain in 
prominence. Figure 5-2 shows this effect quite clearly, where 
the major bands of 00g (1 5, 4*3 and 2.7 microns) have been given 
the same band width of one micron.
Pressure broadening will tend to modify the overall shape 
of a band emissivity curve and cause the wings of the band to
spread beyond the limits of the band width. Thus limiting band
emissivities must be treated with some caution. However, the 
use of an effective band width which is a function of P , %, and 
T removes this difficulty.
Some gaseous bands have band widths which are insensitive 
to temperature, the 2 micron band of COp is one such band. It 
is possible to derive an expression for the temperature at which 
a black band emissivity, of constant band width, has a maximum 
value.
Equation 5-79 is differentiated with respect to temperature,
thus
(Er r) = • CMI - 5-80
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It follows from Planck's equation that
dAE C, exp(Cg/AT)  = / C. 'dT x°T (exp(Cg/lT)-l) 2
5—81
Upon integration by parts, Equation 5-81 yields
dT
C
•1
4A% 5-82
Substituting Equation 5-82 into Equation 5-80 and equating 
to zero
C. .-T- (exp(Cp/XT) - 1)
C
= 0
AXT 5-83
This equation was applied to two hypothetical bands 
centred at 7.5 and 1.5 microns with respective band widths 
of 5 and 1 microns. These temperatures were compared with 
values calculated from the radiation tables of Dunkle( 26 ) 
and are given below
BANDMICRONS
7.5
1.5 
CO2 
2.0
BAWD-WIDTH MICRONS
5
1
0.3
BAND LIMIT 
RATIO Xg/X^
2
2
1.16
TEMPERATURE K 
EQ. 5 CALC.
537 551
2613 2580
2320 2280
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6-1 SPECTRAL STUDIES OF CARBON DIOXIDE 
6-1-1 The U.3 Micron Band
The carbon dioxide molecule is a linear molecule and 
therefore possesses four fundamental vibrational modes.
Two of these vibrational modes occur at the same wave-length 
because of the symmetric nature of the molecule. The band 
centred at 4.3 micron is one of these‘fundamental vibrations.
This band exhibits marked anharmicity. The spectral lines in 
each branch of the band are not evenly spaced. In the P branch .7 
(J to J-1) the line spacing increases with increasing J. Line ; 
spacing in the R branch (J-1 to j) decreases with increasing J 
and for very high J values eventually bends back upon itself. "y 
The band is then said to have a band head. In the case of the
4.3 micron a band head has been observed at 4.175 microns (139). 
Thus the 4.3 micron band has a characteristic asymmetric profile.
Figure 6-1 shows the effect of temperature on the 4.3 micron 
band and the band head is clearly seen in the region of 4.175 
microns. With increased temperature the P branch spreads to 
longer wave-lengths. This occurs as a result of the redistribu­
tion of molecular population amongst the various rotational 
energy levels. The flat central region of this band is caused 
by the R branch bending back upon itself. This results in 
extensive overlapping within the central region and the 
obscuration of the P and R branch maxima. A, three-fold increase  ^
in temperature produces a large spread in the width of the 
central region and this corresponds with the shift in the maximum, 
of the P branch.
The effect of increased pressure, at a constant path length, 
on the 4.3 micron spectrum is shown in Figure 6-2. For low 
pressures the band head is apparent. However, at pressures in 
excess of two atmospheres at 900 and 1200 K the spectrum spreads 
beyond the band head. This effect is also apparent in the work 
of Edwards ( 30 ) and may be due to a vibrational change which is 
not significant at room temperature. The central region of the 
band is relatively insensitive to changes in pressure, whereas,
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the long wave-length wing is a strong function of pure gas ' 
pressure. Under the right conditions of pressure and path length 
the U.8 micron band appears. This particular band is in evidence 
even, at room temperature and increases intensity with increasing 
temperature. ' ' , .
The addition of nitrogen as a broadening agent produces 
.little noticeable effect on the spectrum (see Figure 6-3). 'This 
observation is in common with those made by other workers 
(108,111,105). At higher temperatures the number of vibrational 
transitions and associated rotational changes occurring in this 
region increases rapidly. Overlapping of these transitions give 
•rise to the phenomenon of temperature broadening (108) which, is 
analogous to pressure broadening. There is however, a discrepancy, 
between the spectrum of 00^ at one atmosphere and that broadened 
by an equal amount of nitrogen. The U.8 micron band appears.:in 
the .presence of nitrogen. A spectrum taken at two atmospheres is 
included in Figure 6-3, to illustrate the strong dependence of 
the long wave-length wing and the U.8 micron band on optical;.;. I 
density.
An increase in optical density at constant pressure 
produces some significant changes in the spectrum of the h .3 
micron band (see Figure 6-5). The band width extends in both • 
directions, with the largest spread in the short wave-length . ' F* 
region. A 2.7%. increase in the average height of the flat region .. 
from 0.93 to 0.95 occurred as a result of the 13-fold increase in. 
optical density. The flat, region spreads towards the long wave- .F.
length region and the U.8, micron band appears at the higher path , 3:^' ' . 1 ■ - ..M;.length. \ ^
Figure 6-b shows the micron band of GÔ2 taken at one 
atmosphere and 12 cms. This is compared with that of Tourin 
(108) taken under similar conditions. The spectrum of Tourin is F 
generally higher and has a much steeper long wave-length wing, 
although both spectra have the same band limit. In the short 
: wave-length region the band limit of the current spectrum is '
marginally greater. Both have a band head,.and the characteristicFF 
flat central region.
' y /' ' ' ' ' - ' . / .
This central portion of the k,3 micron band is a weak 
function of optical density. In the region around the band 
head at U.175 microns the band is insensitive to changes in 
both optical density and broadening pressure for moderate ' 
values of pressure, whereas, the long wave-length wing is a 
strong function of optical density. At 1200 K it has been 
shown that this band is independent of pressure broadening. ,
The b.,8 micron band is a strong function of optical density, • "^7 
and any increase in optical density above a certain threshold 
value produces an increase in spectral emissivity throughout 
the band. , ' :
■ -p.
6-1-2 The 2.7 Micron Band
Absorption and emission in the 2.7 micron region occurs 
because of Fermi or sympathetic resonance bewteen the 
fundamental vibrations of COg. At room temperature two sets . 
of vibration/rotation transitions centred at 2,675 and 2.750 
microns predominate. Higher temperatures give rise to a 
considerable increase in the number of vibration/rotation 
transitions within this region. As a result of this the 
spectrum of the 2.7 micron band undergoes a change in character. 
Figure 6-6 illustrates the effect of increased temperature on 
the band. The higher of the two peaks becomes less pronounced 
and flatter in profile, whereas, the shorter peak becomes more 
pronounced with a large shift in the maximum towards longer 
wave-lengths. ' ,
The intensities of the Fermi vibrations which make up the
2.7 micron band are proportional tp the product of the transition 
probability and the relativfe population of the initial quantum 
state (109). Reference to Table 6-1 (see over), compiled from,, 
data by Tourin (108), shows that at .1200 K there are many 
transitions of similar magnitude. The flattening of the higher 
peak is caused by the proliferation of vibrational changes 
around 2.68 microns. The shift in the shorter peak is caused 
by the dramatic rise in prominence of a vibrational change , 
centred at 2,8 microns with a consequent spread in the,band 
l : L m l - b .  ' ' .  : :   ^ ' 'v  v '
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Table 6-1 Relative Vibrational Population and Transition Probabilities for COp Bands in thé 2.7 micron region , .
WAVE-LENGTH, MICRONS TRANSITION PROBABILITY . ' POPULATION OF , VIBRATIONAL LOWERSTATE
22^ % 200_K 1200 K
2.775 . ^ . / .' 2 0 .9 2 0 0.380 0 .2 3 02.770 6 . 0.074 0 .2 7 0 0.2102.800 12 0.002 0.048 0.050
2 .7 0 5 .2 .0.001 0.040 0.042
2 .6 9 3 1 0 .9 2 0 0.380 0 .2 3 02.685:' . 1 - 0.074 0 .2 7 0 0.2102 .7 0 0 1 0.002 0.048// 0.0502.680 2 0.001 0.040 0.042
The effect of pressure on the spectrum of the 2.7 micron , 
band arises from an increase in optical density and broadening' y ' ■ • ;■ ■pressure. As a result of increased pure gas pressure the band 
width becomes wider with the greatest spread occurring towards ,■ / 
longer wave-lengths. Both.peaks increase rapidly in height .//S 
for changes in pressure from 0.33 to 2.00 atmospheres. Beyond 
two atmospheres changes in peak height are less marked. At nine / 
atmospheres these two, peaks are virtually indistinguishable. An 
increase in optical density at constant broadening pressure ... ,7:%| 
(see Figure 6-8) reveals the following interesting features: • >1
:the short wave-length wing is .not greatly influenced by a 13-foldM? 
increase in optical density; and at the higher optical density '! 
the peaks have merged indicating that they are strong functions 
of optical density.
f Upon the addition of nitrogen as a broadening agent . -
(see Figure 6-9) the spectrum undergoes considerable change. At/g; 
293 K the 2.673 micron peak increases in height and is thus alsojÿ 
a function of equivalent pressure. Conversely the 2.750 micron LÛ 
peak is shifted towards longer wave-lengths: this may be due to ' 7 
the .2.8.'micron vibration exhibiting a greater dependence on '• 
/equivalent pressure than-, wthe. other peons ti tuent vibrations. At - L'# 
■■900 K t s a m e ,  observationV holds for. .'-the .'higher ..peak. The ■ '
influence'.of "the 2.8 micrbhW’vls more apparent with a large ' (
increase in the spread ' o f ‘the longer wave-length wing.'. It'is : ;./•
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also apparent that the shorter peak undergoes little change due , 
to. an .increase in equivalent pressure. The central region of 
the band, at the'higher temperature, no longer exhibits- a 
minimum. This region is, therefore, strongly dependent on 
equivalent pressure. A feature, common to both sets of spectra, 
is the insensitivity of the short wave-length, wing to changes in - 
equivalent pressure, '
' The spectrum of the 2.7 micron band may be described as 
follows: thè short wave-length wing is a.function of optical 
density alone; the central and longer wave-length wing are 
functions of both optical density and equivalent pressure, -
In Figure 6-10 a comparison is made of the present . ■>
experimental i-esuits with those of Tourin (109) taken under 
similar conditions. For the tv/o temperatures considered,
Tourin's spectra are considerably higher and exhibit the P and - 
R branches of the two major-vibrational changes: this is because 
these results . were taken using a smaller slit width. At 1200 K 
the short wave-length wings of both spectra are coincident, 
although the long wave-length wings show great diversity. ..There 
is little agreement between the two sets of . spectra. ‘ ; V-v-'-'fVï
6-1-3 The 2.0 Micron Band . ■.
" This bail'd * consists of -three : vibrational transitions centred 
L'at .1.96/q2.0.i.iand P.OS.v microhs which'.occur as a result of Fermi 
resonance . ( 131). ' It is-. th.ë -changing significance of these. ■ 
vibrations that account for the changing nature of the spectra.
The effect of changes'■'in temperature on the spectrum of the % 
^2.0 micron band can be seen in Figure 6-11, It is immediately 
apparent that the band width is unaffected by temperature 
(see Section 5-7 •). The high temperature spectrum is generally ':, 
lower and this results from a lower molecular concentration 
although the spectra were taken at the same pressure. Furthermore 
the high temperature spectrum exhibits two shoulders shov/ing the 
greater importance of the 2,01. micron transition. At room 
temperature low pressure spectra also exhibit a shoulder which is
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' due "to the 2.01 and 2.06 micron transitions. ( - - : - - .2 . ;/'// .
Figure 6-12 shows the effect of pressure on the 2.0 micron 
band at room, temperature. With increasing pressure the long 
V ,- wave-length shoulder _,becomes .l.pes, :.pnonounced ■ and ’eventually \ ' ;; Ail 
disappears:. ■This change''fs^,-accompanied .by .a shift in the maximum 7 
towards longeh, wave-lengths'-va.nd indicates the increasing -
; ,iImportance of the 2.01 and 2.06 micron transitions. A study of 'h
'this band at a path length of 158 cms (.see Figure 6-13) shows that 
. it is a strong function of optical density. . All the features 
présent in the short path length, spectrum were eliminated ' h
/.although', the band width remained, unchanged. ' ' ■ <*i
;  ^ ' As stated above this band is a strong function of optical
density and it remains for the effect of equivalent pressuré to 
; be investigated. Two sets of nitrogen broadened Spectra are ■
shown in Figure 6-1h. At the lower pressure the addition of an |;-
>: •' equal partial 'pressure produces a reduction in the band maximum/-.c# 
7" and a shift towards the short wave-length region. This, may be 
due to the I.96 micron vibration being a stronger function of 
equivalent pressure 'and a resultant change in the interaction 
between it and the adjacent vibration. At five atmospheres the ’^'4;/
pressure change is more significant, the band maximum is •'■,, 4
increased and the long wave-length wing.moves towards longer .74.
wave-lengths. It would appear that the 2.01 and 2.06 micron "■ 7
transitions are fairly strong functions of equivalent pressure,-*44 
The short wave-length wing is relatively insensitive to 
equivalent pressure which would indicate that the I.96 micron 
;4;, transition is either pressure broadened or directly proportional
to optical density. Although the 2.0 micron band undergoes
significant changes in spectral profile with temperature, optical 
density and equivalent pressure, the band width remains unchanged*
' 6-1-U . The 1.6 Micron Band
■.4 4 This'is another complex band and has been shown to possess 444 
a very/Small integrated intensity (120) and it can be seen from' :;j 
4 Figure 6-I5 that this band;is indeed weak. The band, maximum is 4:
 .— .... .................     -, .,., ,s ,
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less than 0^2 even at ten atmospheres. A .
The pare gas spectra are generally of similar shape
although•there is a noticeable lack of consistency in the short
.wave-length region. The effect of the addition of an equal ■
amount of". .ni’Çrogen' to%.thë.Ft.^e6."''a'tmosÿhôrc8. spectrum is shown 
bÿ\ the dashed'.prof i le/vfan(iy\there Is ■ à ' larige sprehd in the short 
w^Ve-length wing and a reduction in' height of the. long wave­
length wing. Any inconsistencies exhibited by these spectra 
are due to the lower experimental ' accuracy inherent in this 
region. '
At room temperature the 1.6 micron band appears to be a 
strong function of optical density and equivalent pressure and 
is significant only at long geometric path lengths. , These 
observations are coincident with those of Edwards (125).
6-2 SPECTRAL STUDIES OF CARBON MONOXIDE-' , '
' 6-2-1 . The U.7 Micron Band
Carbon monoxide consists of heteronuclear molecules which
possess one vibrational mode. The vibration of heteronuclear
diatomic molecules is accompanied by an oscillating dipole»■ ■ , moment. Such molecules "-Ban interact with incident radiation
and thus can absorb or emit energy in quanta. These quantum
changes in vibrational energy are accompanied by rotational
energy changes creating P (J to J-1) and R (j-1 to J ) branches.-
Spectral line spacing in both branches is almost regular
although the wings of both branches exhibit anharmicity. effects.
These  a r e  n o t  s e v e re  enough.-to cause a band head ( s e e  S e c t io n  .
6-1-1). The fu n d a m e n ta l  band o f  carbon  monoxide c e n t r e d  a t  U.7
'microns arises from energy transitions between the ground and
f i r s t  v i b r a t i o n a l  s t a t e .  The  P and R branches  a r e  th e  most .
distinctive features of the fundamental band.
Three spectra recorded at different temperatures for the' 
same pressure are shown in Figure 6-16. A change in temperature .' 
from 293 to 900 K causes a marginal increase in band width and an 
overall decrease in spectral absorptivity. The R branch (short 
wave-length), is higher, and sharper in profile than the P branch.
-4:!f % %
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At room temperature these , features are less noticeable as the -, 
branch maxima are black. The band width of the 1200 K spectrum 
is wider than the band widths of the two lower temperatures. '
Band widths,are, therefore, functions of temperature, but as will 
be/seen later they are also functions of optical density and 
equivalent pressure. ■ .'
At 1200 K both branches and the band minimum are less well 
defined than at lower temperatures. Great difficulty was 
experienced in obtaining a consistent set of spectra at this ' 
temperature. If a carbon monoxide sample was. left for a 
sufficient length of time the 4.3 micron band of GOp would 
• appear, indicating that decomposition-of some carbon monoxide 
molecules had occurred. In order to obtain reasonably consistent 
spectra, spectral scans were started soon after, the addition of . 
gas samples to the cell: this would account for the ragged nature 
of the spectra recorded at 1200 K. Although the 900 K spectra " 
exhibit a few peculiarities they are generally consistent,
Figure 6-17 illustrates the influence of increasing pressure 
on the 4.7. micron band. At the lowest ' pressure the P and R 
branches are clearly discernable and exhibit the features , 
mentioned earlier. Increases in pressure cause the spectrum to 
increase in overall height, the branch maxima to become broader ; 
in profile and a reduction in their relative elevation. At fours 
atmospheres the band is almost black throughout. In the lower -.4' 
portions of the wings of the P and R branches, a three-fold ; •-4- 
increase in pressure caused a corresponding change in spectral ;.:4 
absorptivity. '
The band width is shb%n to increase with increasing pressure 
and it is in the wing of the P branch that the greatest spread >;■ 
"occursÿ and'anharmicity effects are responsible for the unequal ' 
growth in band limits (see Section, 6-1-1 ). In the R branch the ;; 
■ decreasing line spacing results in greater overlapping of 
spectral lines, and this wing is less sensitive to optical 
density and equivalent pressure. Table 6-2 (see over) contains 
values for band widths of the fundamental band takën .from 
Figures 6-l6 and 6-17. The effect of temperature and pressure 
on this band can be clearly seen. , Equation 5-4.3 was used to ,
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evaluate baud widths, aud the effect of temperature could be ' 
calculated with an accuracy of +,15%. This is considered’ 
satisfactory in view of the influence of spectrometers, on spectra', 
(see Appendix VII ) . Estimates of band widths can be made With: 
improved accuracy (within +3.0%) using a value of 0.1U for the '' 
exponent on the temperature ration,
. Table 6-2 Experimental Values of Band Width at Various ' Temperatures and Pressures
\ BAND WIDTH • ■ MICRONS CMS ■
TEMPERATUREK -
293 0.525 . / 240<3900 0,600 2751200
PRESSURE
0.650 . 300 ;
ATMOSPHERES ,
. 0.33 0.50 230 :U.oo 0.60 275
A spectrum from the work of Abu-Romia and Tien ( 1 ) is
compared with a current spectrum taken under similar conditions 
in Figure 6-18. They show a general, resemblance to one another 
although there is evidence of a basic difference. The band 
width of Abu-Romia and Tien is approximately 20% wider which may, 
on first thought, be entirely due to the longer geometric path 
length. However, the branch maxima are lower indicating the use 
of a longer slit width (see Appendix VII ).
6-2-2 The 2.35 Micron Band ' • ' .
• ' . A
This is' the first overtone band and occurs as a result of 
vibrational energy transitions between the ground and second 
quantum levels. Associated.rotational energy transitions 
produce P and R branches which have regular spectral line 
spacing. Unfortunately the mechanical slit width used in this 
study was too large to enable the P and R branches to be resolved
The influence of temperature on the 2,35 micron band can be , 
seen in Figure 6-19 where the 900 K spectrum is much lower in ' 
height than the 293 K spectrum. The reduction in height has not'■
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occurred uniformally throughout the bard and is more severe in ' 
the short wave-length region. At 900 K, the gaseous molecular 
population at constant pressure is smaller by a factor of three 
and this may account -for the reduction in spectral emissivity. 
High temperature spectra are in general very similar to low . 
pressure spectra recorded at room temperature. It is difficult ■ 
to make a direct comparison of spectra taken at different 
temperatures as is shown in subsequent paragraphs.
Increasing the pure gas pressure causes the band width to 
spread (see Figure 6-20) with,the greatest growth in band width 
occurring in the short wave-length region. The band maximum V 
situated at 2.325 microns increased in height in proportion to 
the equal increments in pure gas pressure - a linear dependence 
on pressure. A spectrum broadened by the addition of an equal / 
partial pressure of carbon dioxide can be seen in Figure 6-20.
The band width of this spectrum remains unchanged, but there is 
an overall increase in spectral emissivity.
An increase in optical density at constant pressure produces 
some interesting, changes in the 2.35 micron band. There is a 
large increase in band width. Once again, the greatest growth • 
has occurred in the short wave-length wing, which displays more 
sensitivity to changes in optical density than the long wave-, 
length, wing. The band maximum rose in height by a factor of.
3.69 for a thirteen-fold increase in optical density. This 
corresponds to the square root of the ratio of the geometric path 
lengths. ' '
The overtone band is a strong function of both optical 
density and equivalent pressure. Furthermore, previous / 
observations indicate that spectral emissivities. are proportional 
to the square root of optical density.
A comparison of a current spectrum with one from the work . 
of Abu-Romia and Tien ( 1 ) reveals that the long wave-length
wing of the Abu-Romia and Tien spectrum is generally higher. : À 
difference in geometric path lengths and thus optical densities ' 
does not account for the observed discrepancy. , The square root , 
of ratio of geometric path.lengths is 1.27 whereas the ratio of
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of a qualitative comparison of data, the above expression 
is ; considered to be applicable to all the bands under 
consideration,
,  ^ ■ Using-Equation 6-2 the band absorptance data of ■ ;
Edwards (125), Tourin (108), and values calculated from an ■ 
expression due to Howard, Burch and Williams. ( 5.4 ) are . .
plotted in Figure 6-23. -It is notable that the data of 
Edwards^(125), although consistently higher, follows a trend 
similar to that of the present data* No transition region V;
: is' apparent, which may be due to the use of a longer path
length. The agreement between* the present data and that of ' 
Edwards (125) results from the correct translation of 
magnitude given by Equation 6-2. At room temperature the
4.3 micron band may be considered as being rectangular in - : '
profile. ■ ‘ ' -"5 --'.r.
The single point due to Tourin (125) fits equally well 
into both sets of data. ,A lack of further data does not 
permit meaningful comparison.
In the, low pressure region the values calculated from 
the' equation .due to Howard et al (54 ) show considerable 
scatter. Furthermore these data describe a curve which is 
different from that of the present results. It is important 
to note that this expression was used outside the prescribed 
limits. . ' . ■ .
As shown in Section 6-1-1, the 1200 K spectra are. ' 
insensitive to equivalent pressure. Therefore, band absorp- v-P 
tance data are well represented as a function of.optical . .'
density (see Figure 6-24).,. ■
At' 1200 K . . / .
Ag = 0.136 In (l7lX) ■ 6-3
A four-fold increase in temperature has produced'a shift from ; 
a square root to linear dependence on optical density.
101 !
•,-î'
r The extended narrow band model (Equation ç^-hy) with a\ /:.: 
band width of 0.525 microns vms used to estimate band •absorp­
tances. Unfortunately this expression failed to reproduce the 
present data. Equation 6-3 was used to determine the ;
integrated intensity of this band at 1200 K, This value, of - -*—1 — 2 •/' '78 atms. cms."’ is considerably lower than that estimated
from.Equations 5-33 and 5-36 and a room temperature value
of 2706 atms.*''* cms.~^ (139).-2
■v:%.t'-- Although, there are dis'iinetdifferences between the ■
■;g,00 and\':i;200 .K spectrat( see-'•Section 6-1-1 ) band ,absorptances 
9‘f the lower temperature are •■also well represented by -V '
Equation 6-3. • As no gas mixtures were studied at 900 K it. v- 
..is not possible to ascertain the exact nature of the ‘ ;;v. 
functional dependence on optical density.
Figure 6-24 also shows data for two temperatures 
(823 and 1110 K) which were taken from Edwards (125). Both 
sets of data are logarithmic functions of optical density but 
exhibit slopes different from that of the present data. 
However, it is interesting to note that these curves are very 
close to one another. An observation which is also applicable 
to the present data.
r-Maa
■ avi
•■•'#
Band absorptance data for the 4.8 micron band is plotted . - v 
in Figure 6-25 against optical density. At room temperature -aÿ 
a linear expression serves to describe this data " * ,
A.B 9:xio~^x 6-4
The data of Edward (125.) is also a linear function of a
optical density although the slope is greater than that of •
* —  1 —  2 -Equation 6-4. An estimate of 0.039 atms.~- cms,~ was made' A,.,.■ ,for the integrated intensity of this band. This, value is 400^ 
smaller than that given by Fenner (139).
■ ' ■ . : . " ' aAs can be seen from Figure 6-25? the 900 and 1200 K data ■/ '' ■ . • ■ ' ' 'Aare higher than•the room temperature data. An appreciable > . .
number of vibrational/rotational bands are active in this region. ':
Since all these bands involve transitions from excited energy, .;
levels their integrated intensities will increase as the ■'
' 1Ô2
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temperature is raised. This is the result of the redistribution 
of molecular concentration amongst the possible vibrational ■ ' 
levels with changes in temperature. Unfortunately there is 
insufficient,data to establish suitable expressions for high ' 
temperature band absorptances. -
6-3-2 The 2.7 Micron Band- : '
Room temperature band absorptance data for the short path 
length are well represented by a logarithmic function of 
optical density. Nitrogen and carbon monoxide were both used 
as pressure broacLeners to test the effect of equivalent pressure. 
Figure 6-27 shove that these gases had little effect on band . 
absorptance, except for those mixtures based on one and two 
atmospheres of pure gas. When the gas mixture data were plotted 
on the same basis as Figure 6-28 considerable scatter resulted. 
Equation 5-62 was fitted to this data and is given below
= 0.0306 In (1.581 X) 6-5
The integrated intensity of this band at room temperature
is 66,5 atmos."" cms,” and was evaluated from the product
—  1 —2A_C , This value compares well with that of 68.5 atms,” cms,”
-1 -2  ''o odue to Penner (139) and 58,3 atms, 
of Breeze et .al (12).
cms. taken from the work
, Data taken at 1200 K is also shown in Figure 6-28 as a ,
function of optical density. Tourin (109) has shown conclusively
that high temperature spectra are insensitive to pressure
broadening (see Section 6-1-2). The high temperature data
displays a trend different»from that of the room temperature
data. The change in slope is due to an increase in band width
and a decrease in integrated intensity to a calculated value of "1 *111.9 atms.” cms. , This value is in good agreement with anM — .. pestimate of 17.6 atms,” cms.” made from Figure 5-1. Band 
absorptance data at 1200 K may be calculated from ,
Ag = 0.01+57 In (0.26X) 6—6
V-, ■
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Studies of pure 00^ and COVCO mixtures demonstrated that
long path length data is dependent on optical density and
equivalent pressure. Figure 6-28 shows that this data is
adequately described using a square root relationship. A
value of 1.32 for the F  ^ factor was determined from2/this data which may be expressed as
Ag = 0.036 In (0.32 6-7
The data on the 2.7 micron band of 00^ taken from the 
work of Edwards ( 125) is plotted in Figure 6-28 for comparison 
with the present results. Both sets of data follow the same 
trend having slopes of similar magnitude. The data of Edwards 
is approximately 30^ higher throughout the pressure range.
The 900 K data, as can be seen from Figure 6-28, is 
dependent upon optical density and equivalent,pressure. No 
simple expression was found to fit the data.
Narrow band expressions were used to calculate band 
absorptance values utilising available spectroscopic parameters. 
.The exponential expressiohv-.Éqüàti'ôn 5,-iU7 and the error function
5-48 appear in Figures.’-ô-Rÿ. and 6-28 respectively. In both 
cases the relevant expression fails to describe a curve of the 
same nature as that of the experimental results. A reduction 
in the band width (the asymptote of the curve) used in 
Equation 5-U7 results in a closer fit but no change in curvature. 
There is a great difference in shape between Equation 5-U8 and 
the long path length data. This expression is plainly 
unsuitable and, as shown in Section 6-L, applicable to bands
'' V-with regular line spacing.
6-3-3 The 2.0 Micron Band
Although this band only makes a minor contribution to 
total emissivity, it is one of the more interesting bands of OOg. 
As can be seen from Figure 6-29, short path length data at room 
temperature exhibits a distinct change in slope over the pressure 
range studied. This indicates that a transition from linear to 
square root dependence on optical density has occurred.
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Furthermore the optical density/equivalent pressure parameter, 
as given in Section 5-5? is not independent of gas pressure.
G-as mixtures of various compositions were used to study
the'effect of equivalent pressure. The initial slope was
found to be proportional to optical density and a value of 
—  1 —21.55 atms. cms. was determined for the integrated intensity 
of the band. This compai^es favourably with values of 1.85 and
1.7 atms cms.“’^  determined by Breeze et al (12 ) 
respectively at room temperature.
Short path length data at room temperature can be 
adequately described using Equation 5-6|L|. with the exponent m = 0,8 
However, it is unnecessary to preserve the linear dependence on 
pure gas pressure, thus
Ag = 0.0021 ( (1 + 0.0003-1 - 1) 6-8
From Figure 6-29 the limiting pressure is taken to be 
3.5 atmospheres and the value for the critical optical density/
equivalent pressure ratio is given as follov/s
^ = 0.00389 6-9d 0.8 p 0.8o e
The use of Equation 6-9 showed that the long path length 
data would be in the square root region throughout the pressure 
range. Values for the various parameters derived from short 
path length data were then substituted into Equation 5-6'1 and 
the resulting expression successfully used to reproduce these 
results "U--
Ag = 0.0U6 In (0.0352'(XPg°-®)°-^ + 1) 6-10
Long path length data were also recorded for mixtures of
GOg and CO in order to determine a value for the F factor. It 
was found that F = 1,3 gave the most satisfactory correlation 
of data. This is in good agreement with the calculated values 
of 1.3 and 1.0 as given in Section 5-3.
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Equation 5-45 Is ..plotted. = in.Figure 6-29 for .comparison 
wi th the.'présent data»-. There ' is complete agreement in the 
’linear r.e-gion,. Beyond,- four ^ atmospheres . there is a distinct . 
difference in the trends of these two curves. This is due to 
the square root transition. Thus Equation 5-45 will not be 
suitable to represent the present data throughout the whole 
pressure range.
A change in temperature to 900 K caused the slope of the
linear region to decrease. This is entirely due to the
temperature dependence of integrated intensity. The value of— *1integrated intensity taken from the slope is 0,475 atms. cms. 
A value of 0,88 was determined from Figure 5-1 which is based 
on the data of Breeze et al (12 ). The discrepancy betv/een 
these values may be partially due to the approximation used in 
evaluating the integrated intensity from the present data. 
Furthermore the limiting pressure for the linear region at a 
given path length will increase with temperature, and at 900 K 
this is estimated to be 164 atmospheres for a path length of 
12 cms.
6-3-4 The 1.6 Micron Band
Absorptance values for this band are given in Figure 6-26. 
This band is classified as being weak by Herzberg (131) and is, 
therefore, a linear function of optical density
Ag = 1.32x10“^ X 6-11
The data of Edwards (125), generally higher than the 
present data, is also lineârly dependent upon optical density.
6-3-5 The Total Emisslvlty of Carbon Dioxide . .
The effect of temperature on the total emissivity of COp 
at 12 atms.cms, and one atmosphere pressure is shown in 
Figure 6-30. Total emissivity values were determined' using 
Equation 5-4. Band emissivities for the 2,7 and 4.3 micron 
bands were taken from the present results. An expression due
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to Edwards (125) was used to evaluate band emissivities for 
thé 15 micron band.
. Figure 6-30 also shows the contribution that each major 
band makes towards the total emissivity. At room temperature 
the 15 micron band is dominant by virtue of its position in 
the infra-red spectrum. As the temperature increases, the 
L .3 and 2.7 micron bands become in succession more important. 
The characteristic profile of the Hottel and Egbert charts 
(52 ) results from the changing prominence of•the component 
bands..
At temperatures in excess of 1100 K the total emissivity 
is observed to decrease in magnitude. Beyond the 2.7 micron 
region,bands such as the 2.0 micron band and, in particular, 
the 1.6 micron band are extremely weak. Any increase in 
prominence experienced by such bands is more than counteracted 
' by ' correspondlng decrease-s-, -in 11 ntegfated ;intensi ty.
There is vgeneral •'•àgréemènt between the total emissivity 
values and those taken from Hottel and Egbert (52 ). Both 
curves exhibit the same form although the curve due to Hottel 
and Egbert (52 ) is higher over the temperature range.
Figure 6-3I shows the effect of pressure on the total 
emissivity and band emissivities of CO^ at 900 K. All the 
bands exhibit emissivity curves which are asymptotic in nature, 
These bands are completely black in the central region and 
growth in band emissivity only occurs in the wings. The curve 
given in Figure 6-31 for comparison with the present data was 
determined from a value of •■■•total emissivity at 12 atms. cms. 
taken from Hottel and Egbert ( 52) which was corrected for the 
effect of total pressure. These total pressure correction 
factors were obtained by Hottel and Egbert (52, ) from the 
absorption data of von Bahr (116,117,119 ) and is stated '"not 
to possess too high a degree of accuracy for pressures 
considerably different from one atmosphere'*.
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As shown in the case of the 2.0 micron band of CO^ the 
addition of a diluent gas does have a considerable effect on 
band absorptance.
At pressures below two atmospheres the curve due to 
Hottel and .Egbert is considerably higher and this may be 
due to the effect of diluent gases changing the functional 
regime of the bands. Furthermore the 2.0 micron band, which 
makes up 11.3^ of the total emissivity at ten atmospheres, 
is insignificant below three atmospheres. As stated earlier, 
the band emissivity curves are similar in shape but do not 
increase at the same rate with increasing pressure. The use 
of an overall total pressure correction factor implies that 
all the bands of 00^ are of the same functional form.
■ I Ij)
6-U BAND ABSORPTANCES AND EMISSIVITIES OF CARBON MONOXIDE 
6-U-1 The U.7 Micron Band
Band absorptance data for the b.7 micron band are plotted 
in Figure 6-32 against the product of optical density and 
equivalent pressure. The three temperature curves are of 
similar shape, There^is an initial rapid increase in band 
absorptance with(XP^)^ - this is the linear region. Thereafter 
each curve moves through a transition region and into one of 
gradual change. This is the asymptotic region in which the
spectra are almost black throughout and growth in band
absorptance only'occurs in the v/ings of the band. The asymptote 
of this curve would be the band v/idth but, as shown in Section 
6-2-1, it is not independent of pressure. Thus the asymptotic 
region exhibits a gradual increase with (XP^)^. These 
observations are generally applicable to all three curves.
As the data was recorded at 12 cms, the influence of path 
length is considered by comparison with other work (1, 18, 11U', 
62). At room temperature (see Figure 6-33 •) these data are
in good agreement with the present results. The data of .
Abu-Romia and Tien ( 1 ) are of particular interest as they
were recorded at two path lengths. They demonstrate the square 
root of dependence of band absorptance on optical density and 
equivalent pressure.
At 1200 K there are distinct differences between the trends 
of the three curves presented but three pressure regions may be 
clearly identified from the present results, whereas the data 
of Abu-Romia and Tien.( 1 . exhibits a linear region throughout 
almost the whole range of (XP^)^. In contrast-, hand absorptance 
values calculated from an expression due to Lee and Happel ( 62 )
are considerably lower than the present results, although they 
describe a similar curve.
-1 - 2An approximate value of U50 atms. cms. . for the 
integrated intensity of this band at room temperature, the 
following data was used: a band width of 220 cms.  ^ from the 
present results, mean line half-width of 0,061 (139) and a
11U
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— 1mean line spacing of* U cms. . There is considerable— 1 — ?disagreement between this value and that of 237 atms.” cms.**' 
determined by Penner and Weber ( 82 ).
Figure 6-32 shows that the relative proportions of the 
linear, transition and asymptotic region are changed by increases 
in temperature. As explained in Section 6-2-1 increases in 
temperature result in the presence of a greater number of active 
spectral lines in each branch of the band and a decrease in line 
strengths. Thus more spectral lines are able to remain far 
longer in the linear region with increasing (XP^)^. Band width 
is a strong function of temperature and so asymptotes of the 
pressure curves increase with temperature.
It is apparent from Figure 6-32 that the slope of the-linear
region decreases with temperature and is due to the influence of
integrated intensity and spectral line half-width. Inspection ofiEquation 3-1^ 6 shows that the slope is proportional to (T /T) ^ . 
This v\fas applied to linear regions of the high\ temperature 
curves and was found to be accurate to within +12$^  at 900 K. For 
the 1200 K slope accuracy is in the order of +20^.
There-is a lack 6f internal consistency in the present 
results. The slopes of the linear regions of the 900 and 1200 K 
curves are the same. Furthermore, the general shape of the 
curves v/ould lead one to expect that 900 K data would intersect 
that of room temperature before the 1200 K curve. It is obvious 
from Figure 6-32 that this is not the case. ' These discrepancies 
are most likely due to the difficulties referred to in Section 
6-2-1.
Equation 5-U8 was fitted with success to the present data 
at 293 K and 900 K. The effect of temperature on band width 
is best described using Equation 5-U-3' The relevant equations 
are given below: J
At 293 K .
Ag = 0.U75 erf (0.3 (XPg)*) 6-1-2
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and at 900 K
Ag = 0.5 erf (0.18U (XPg)'L 6-13
6-U-2 The First Overtone Band
Band absorptance data derived from spectral measurements 
are shown in Figure 6-34.  ^ They can be successfully correlated 
using the parameter (XP ) .^ A value of 1.08, taken from the 
work of Burch, Singleton and Williams (16), was used for the •
self broadening coefficient B-,
• The short path length is a linear function of this parameter, 
but it is important to note that this is in effect a linear 
dependence on pure gas pressure. It was, therefore, necessary 
to consider measurements taken at another path length. Such data 
were obtained at 138 cms. There is considerable difference 
between the two sets of data and an exponent of 0.63 on optical 
density would be required to obtain reasonable agreement. The 
long path length data is best described using a logarithmic 
relationship. These two sets are considered to be in different 
regimes of optical density dependence (Section 3-3).
In order to decide whether there is a square relationship 
with optical, density data taken at path lengths of the same order 
of magnitude must be considered. Abu-Romia and Tien (1 ) carried 
out measurements on this band-using a 20 cms. path length. They 
are in good agreement with the present results (see Figure 6-3h), 
Thus band absorptance is proportional to the square root of
optical density and equivalent pressure.•Ù--
As this band is not overlapped by neighbouring carbon 
dioxide bands, it is suitable for studying the effect of pressure 
broadening by carbon dioxide. Pressure broadened spectra were 
obtained for a range of molecular fractions and total pressures.
A value of 0.473 for the F factor was determined from the band 
absorptances of gaseous mixtures. Satisfactory correlation of 
mixture data is achieved using this value for F . The use of 
nitrogen in pressure broadening studies on carbon monoxide ( 16 )
demonstrates that it has more effect on the fundamental band. It
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is assumed that the same observation applies to pressure 
broadening by carbon dioxide. The P factor for the fundamental 
band is given below:
Fco/cog = 0-503 i 15^ 6-1U
- 1 - 2A value of 0.975 atms, cms. for the integrated intensity 
of this band was determined from the slope of the room 
temperature data using Equation 5-38. The follovâng values, for 
spectral parameters, were used: a band width of 240 cms,” taken 
from the present experimental results, line width of— — 'I0.076 cms.” (139 ) and a mean line spacing of 4 cms,” . There 
is reasonable agreement between the above value of integrated 
intensity and that of 1.69 atms,” cms.”‘“ from Penner and 
Weber ( 8 4  ), but it is considered to be no more than fortuitous.
The present experimental data are also compared v;ith the 
experimental results of Penner and Weber ( 84 ) and values
calculated from various published expressions (18 ,114).
A lack of internal consistency in the data of Penner and 
Weber (84 ) is revealed when plotted on the same basis as the
present results. The data points running parallel with the 900 K 
data were recorded at 3.57 cms. and the two points compatible 
v/ith the present results at 6.22 cms. Patios of band absorptance 
at the same pressure do not correspond, to the square root of the 
ratio of path lengths,*
The expressions due to Vanderwerf and Shaw (114) and Burch 
and Williams (18 ) both exhibit a square root dependence on 
optical density and equivalfent pressure. Any differences in the 
magnitude of calculated values are due to the different slopes 
of these expressions. There is a systematic difference between 
the calculated values and the present experimental results. The 
slope of the present results is 17^  greater than that of the data 
of Burch and Y^ 'illiams ( 18 ).
Band absorptance data for 900 K is also shown in Figure 6-34, 
but only the results of Abu-Romia and Tien ( 1 ) are plotted for*
comparison. They are in good agreement except at high pressures.
120
The change in temperature has caused the slope of the line to' 
decrease and the change in magnitude can be assessed by 
considering Equation 5-45.
Afl = 24« (XP^)
An inspection of the spectra of the band at 900 K (see 
Appendix Vl ) indicates that the band width can be considered 
independent of temperature. The effect of temperature on the 
slope of the line is given below:
/(T, \0.75m oc  ^ o^  . 6-15(— )
The above expression underestimates the magnitude of the 
900 K slope by 11%. An exponent of 0.66 on the temperature ratio 
gives more accurate estimates of slope. Band absorptances can 
be estimated using the following expression
Ag = 0.002U(293/T)°*^^(XPg)°*5 6-16
Use of the above equation to evaluate band absorptance data 
at 600 and 1200 K yields values which are in good agreement with 
those of Abu-Romia and Tien ( 1 ).
6-4-3 The Total Emissivity of Carbon Monoxide
Total emissivity values are presented in Figure 6-35 as a 
function of temperature. Emissivity values for the 2.35 micron 
band are very small and at 900 K they are approximately 80 times 
lower than the corresponding values of the 4.7 micron band. Thus 
the total emissivity values-given in Figure 6-35 are in effect 
those of the 4.7 micron band.
No data were recorded for temperatures in the range 
293 to 900 K. A representative curve was plotted by consideration 
of the band width. The temperature at which such a curve reaches 
a maximum can be calculated using Equation 5-83.
The overall shape of ^band emissivity curve is determined 
by changes in the relative position .of the black body curve 
maximum to the band centre with temperature. Changes in the
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magnitude of the integrated intensity and mean line half-width 
with temperature tend to modify the overall shape.
In Figure 6-35 a comparison is made between the present 
data and that of Abu-Romia and Tien ( 1 ), Oppenheirn (72 ), 
and Ullrich ( 1L5). The set of data for 10 atms. cms. were 
determined from band absorptance values taken from Figure 6-32 
The present results are in good agreement with those of 
Abu-Romia and Tien, and Oppenheirn, whilst those of Ullrich 
are considerably higher.
6-5 OVERLAP OF CARBON DIOXIDE AND CARBON MONOXIDE IN THE FOUR TO FIVE MICRON REGION
6-5-1 Spectral Overlap . ^
Figure 6-36 shows the spectrum of a COp/CO gas mixture 
at 900 K. Pure gas spectra of CO and COg at pressures, equal 
to the respective partial pressures are presented for 
comparison. It is evident that the presence of COp has had 
a considerable effect on the.CO spectrum. Both peaks have 
,increased in. height..by amounts which correspond to the change 
in équivalent, pressure. iThé profile of the short wave-length 
•peak has-become flatter and..has moved -,towards the COg band. 
Considerable growth has occurred in the short wave-length 
wing of the GO band, although the flat central region of the 
U.3 micron band is unaffected.
This is due to one of two reasons: the short wave-length 
limit of the CO band does not extend below U.35 microns; 
reference to Equation 5-66.. indicates that, if one of the 
spectral emissivities is very much smaller than the other, 
the overlap correction factor will be of comparable magnitude 
to the smaller value. The long wave-length wing of the 
U.3 micron band has increased in height beyond U.35 microns. 
This is a direct result of the overlap of spectral emissivities 
of similar magnitude.
The minimum in the region of overlap of the mixture 
spectrum occurs at a shorter wave-length than that indicated by
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the pure gas spectra. This is further evidence of the strong 
influence of the short wave-length wing of CO.
The spectrum of a COp/CO mixture at x = 0.33 and a total 
pressure of one atmosphere taken at 1200 K is also plotted in 
Figure 6-36. This spectrum possesses the same features as 
those exhibited by the 900 K spectrum, although the profile is 
generally lower. The most important difference between the 
two spectra is in the magnitude and position of the overlap 
minimum. Both these features occur as the result of increased 
spectral overlap. Changes in temperature have a significant 
effect on overlap correction factors.
6-5-2 Band Overlap Correction Factors
Band emissivity overlap correction factors were determined 
from experimental data using Equation 5-69 because carbon 
monoxide is a strong function of equivalent pressure. The 
value for the ‘^^ ctor, given in Section 6-h-2, was used
to account for the pressure broadening of carbon monoxide by 
carbon dioxide.
The influence of total pressure on the overlap correction 
factors is illustrated in Figure 6-37. Iri the region of small 
total pressures both sets of temperature curves have negative 
correction factors. When these values are used in Equation 5-69 
they give rise to an increase in the aggregate band emissivity. 
Correction factors for small total pressures were calculated 
from extrapolated values.
The effect of pressure measurement errors and the use of 
^GO/CO “ 0.503 + 15% on the calculated band absorptance values
must be considered. The total error in defining the physical 
state of a gas mixture is in the order of + 20% (see Section h-h-2] 
As a first approximation the error in band absorptance of 
CO at 900 K due to the errors in optical density and equivalent 
pressure is given by
&Ag ^ exp (- (0.18U)^ XPg) ^(XPg)
~ 'B erf (0.181+ (XP )2)'
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Équation 6-17 indicates that increases, in ;total pressure 
above a critical pressure cause a decrease in band absorptance 
error. For large total pressures it should, be possible to 6v,. 
obtain reasonably accurate band overlap correction factors.
The limiting total pressures for x = 0.33, 0.50 and 0.66 are as 
follows: I.Uo, 1.68 and 2.18 atmospheres.
The overlap, data 900 K do.es not exhibit a consistent set 
of curves. This may be due to the use of too small a value' 
-,':for ^ Qo/00 that the %;;3/.'hi'6rô'p\band; pf.'COg is a function
of equivalent .pressurei\ No. .'data is' available to. clarify this 
situation. ■ '
The three curves for 1200 K do form a fairly coherent 
pattern. In the one to two atmospheres pressure range these • 
curves are in the order of increasing 00^ concentration.
Beyond two atmospheres the curve relating to x = 0.33 crosses , 
the other two curves and approaches an asymptotic limit.
This corresponds to the saturation of the h.7 micron band of. 
00, with increasing equivalent pressure (see Appendix VI)..'
At relatively high pressures the band profile becomes almost 
rectangular in shape. The curve for x = 0.66 shows no such 
saturation effect and clearly illustrates the strong influence 
of GOg upon band overlap corrections. This influence results 
from the large growth in the long wave-length v/ing of the U.3 
micron band which causes ’.'in depth” penetration of the U.7 , 
micron band of GO.
An attempt was made to correlate band overlap correction 
using the extended narrow band model (Equation 5-75) and the 
empirical expression 5-77. The band width of overlap as given 
by Equation 5-75 applies to symmetrical bands. As the U.3 
micron band of GOg is strongly asymmetric it is necessary to 
modify this expression. Suitable values for the integrated 
intensities, haIf-width and line spacing were taken from 
Penner (139). Overlap correction values, calculated using the 
above mentioned expressions, are plotted for comparison in 
Figure 6-38. These expressions were found to-be unsuccessful 
in correlating the experimental data..
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Figure 6-38 also shows values taken from the work of 
Ullrich ( 11|5) who used room temperature spectra ( 8,6h) to 
obtain overlap correction factors. There is little agreement 
between Equations 5-7.6 and 5-77 and the data of Ullrich.
This investigation showed that the loss in emission due to 
the overlap between CO and COg resulted in a loss of 20 to 30^ 
of the total energy emitted by these gases. At 1200 K the 
present results indicate, that overlap correction factors are 
in the order of 20 to 50% of pure CO emission over the 
pressure range one to three atmospheres; The maximum possible 
correction arises from the complete overlap of two identical 
black bands and is equal to the. emission of one of the bands.
6-5-3 Comparison of Experimental Data with Calculated Correction Factors
Figure 6-39 shows two band emissivity correction curves 
for two pressures greater than one atmosphere. Both these 
curves exhibit the same sharp peak profile with the maximum 
occurring in the region of x = 0.5. At three atmospheres the 
overlap correction curve is generally higher with the greatest 
increase occurring beyond x = 0,5. The influence of COg on 
overlap correction factors increase with temperature at 1200 K,
Calculated values of band emissivity correction factors 
taken from Appendix V are compared with experimental values 
in Figure 6-39. It is immediately apparent that there is great 
disparity between the two sets of curves. The curves for the 
weak line/strong line and strong .line/strong line cases resemble 
one another and, unlike the experimental data, display strong 
asymmetric profiles. The .i)iaxima of these curves occur at low 
concentrations of COg and are strongly influenced by the carbon 
monoxide concentration.
As shown in Sections 6-1-1 and 6-3-.1 pressure broadening 
has no effect on the h.3 micron band of COg at 1200 K. The 
weak line/strong line case for two atmospheres -total pressure 
is closest to the experimental values. It is apparent that the 
strong line/strong line case is clearly not applicable. 
Furthermore, the use of calculated values of band overlap 
correction factors at mole fractions other than 0.5 would lead 
to considerable error. There is in general no agreement between 
experimental and calculated correction factors.
130
6-6 Conclusions
1) In general, extended narrow band models are of limited 
use in the description of the band emissivities of carbon 
dioxide.
2) The strong line Elsasser model gives an adequate 
description of the b-.7 micron band of carbon monoxide,
3) The empirical model is applicable only to those spectral 
bands which possess constant,band widths.
4) For low concentrations of COg at temperatures in excess 
of 300 K, the minor bands of COg are linear functions of 
optical density.
5) At 900 K the 2.0 micron band of COg becomes prominent 
and makes a significant contribution to total emissivity, 
for pressures in excess of three atmospheres.
6) At 900 and 1200 K the 4.3 and 2.7 micron bands of COg 
are dependent on optical density-alone, but do not display 
a Beer’s Law relationship.
7) The physical measurement of the overlap between the
4.7 micron band of GO and the 4.3 micron band of COg is- 
difficult to accomplish.
8) The increase in band emissivity of carbon monoxide 
resulting from pressure br^Dadening by carbon dioxide at lov/ 
partial pressures and temperatures in the 900 to 1200 K 
region can be greater than the correction due to overlap,
9) Band overlap correction factors are significant at 
900 and 1200 K for pressures greater than two atmospheres 
and can amount to as much as half the band emissivity of the 
unbroadened carbon monoxide.
APPENDIX I
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THEORKTIGAL ESTIMATES OP GASEOUS E M IS S IV IT IK S
In a review article on the spectra of polyatomic molecules, 
Dennison ( 2lj. ) presented fundamental theoretical relationships 
enabling estimates of the location, strengths and distribution 
of spectral lines to be made. These relationships form the 
basis of the evaluation of gaseous emissivities,
Kaplan ( 57 ) used these expressions to calculate the 
ration ( 
bands of CO,
absorp of the Q branches in the 667*3 cms,*" and 668,3 crns.*"
2 *
Estimates of total emissivities were first made by Penner 
for two limiting cases:
a) that of complete overlap or smearing of spectral , lines using an average absorption coefficient based upon an effective band-width, the so-called 
box model (78 , 79). Complete overlap of spectral lines occurs at high pressures and short path lengths;
b) that of non-overlapping spectral lines (80 , 85) occurring at lov/ optical densities. Estimates of emissivities were made by the summation of Ladenberg-Reiche functions (see Appendix II) with a quantum mechanical expression for line strength variation. This model gives rise to linear and 
square root asymptotes.
During the period 1956-1958 Hooker, Thomson and Pehner 
( 7 , 8 )  developed the just-overlapped line model using the
harmonic oscillator approximation to describe spectral line 
strength and distribution. The overlap of spectral lines with 
C .increased pressure resulting^ in an •. absorption coefficient which 
•is independent, of pressure: ; Penner and.Varansi have applied 
this model to'-QOg ( 86' ) ,/H^O ( 87 ) and mixtures, of COg/HgO (88). 
Total emissivi'ty estimates were found to be in favourable agree­
ment with the work of Hottel ( 12 ) . Estimates for GOg were 
extremely good and the overlap correction obtained for the 
mixtures of .GO VHgO gave some valuable insight to the overlap 
of spectral bands.
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In 1959 Plass ( 91) published calculations on the spectral 
emissivities of the H.3 micron band of 00^ as a function of 
temperature and amount of gas. The harmonic oscillator . 
approximation was used to account for spectral line strength, 
variation and distribution. The random Elsasser model was used 
to account for spectral line overlap. The complexity of the 
calculations undertaken is illustrated by the fact that at a 
temperature of 2^00 K up to 890,000 lines were taken into 
consideration.
Malkmus and Thomson (67 )used a harmonic oscillator to 
obtain line strengths and spacing estimates in calculations on 
various diatomic molecules such as CO and NO. A random Elsasser 
model was used to account for spectral line overlap for 
temperatures ranging from 300 K - 700 K. This approach was. 
later used by Malkmus to calculate spectral emissivities for 
the U.3 (68 )and 2.7 (69) micron bands of COg. It was found 
that at constant.values of optical density, values of spectral 
emissivity of less than one decreased with temperature.
Another set of calculations was carried out by Gray ( U3 ) 
on the U.3 micron band of COg covering the range I50 to 600 K. 
The computational procedure was the same as that used by 
Malkmus but more isotopic species were taken into account.
Further calculations were made by Gray ( UU ) on the 9.4 and 10.h
.•micron bands .of-GOo. . •
■ A comparison of the work, of Plass (9I .) and Gray (h3 ) with
the experimental work of Tourin (108)and Burch et al (20 )shows 
good agreement up to 6OO K. At temperatures above 1200 K the 
calculated values of Plass became relatively too small in 
comparison with Tourin's(lo8) data.
High temperature calculations based upon quantum mechanical 
considerations are restricted in application by:
a) the lack of a priori knowledge of spectral parameters;
b) the use of simplifying assumptions as to the 
overlapping of spectral lines;
c) the inadequate description of spectral line 
shape; ................  -
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d) the appearance of a multitude'of hot bandsadding to the complexity of the calculations.
The use of several empirical models has, to some extent, 
overcome the difficulties encountered in quantum mechanical 
calculations.
Thomson ( 21 ) has used the statistical model to estimate . 
emissivities for the major bands of HgO (20, 6.3, 2.7, 1.81,
1,38 and 1.1 microns) for temperatures in the range of 600 to 
5000 K. Simple mathematical relationships were used to describe 
the temperature dependence of the band intensity, effective band­
width, and mean line spacing. Five parameters were fitted to 
obtain the best agreement with experimental data. This model is 
important because it provides the only means of calculating the 
emission of H^O at elevated temperatures.
Edwards and Menard ( 33 )have correlated total band absorp­
tion using the Goody version of the statistical model. The 
harmonic, non-rigid rotator and arbitrary exponential variations 
of spectral parameters with wave-length were used. The linear, 
square root and logarithmic asymptotic limits were found as 
shov/n by practical measurements. This approach using a simple 
exponential function to describe line strength variation with 
wave-length gives rise to the name wide band exponential model.
Application of this model has met with success in correlating 
various data; for GOg the .15, 4.3, 2.7 ( 34 ) a^ d^ 10.4, 9.4 ( 31) 
micron bands, for GH^ ( 34 ) , GO ( 32 ) , and the major bands of
HgO ( 36 ) ,
■
It. is often advantageous to have a single continuous 
explicit expression for band absorptance. One such expression 
has been proposed by Tien and Lowder (107) . This empirical 
method, as mentioned before, has been used to correlate band 
absorptances of CO ( 1 ) over a wide range of optical densities
and temperatures. ’
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EcMgo, Nishwaki and Hirata ( 27 ) have published a paper 
describing an analytical procedure for obtaining band 
emissivities. Mean absorption coefficients were determined, 
from temperature dependent band-widths and integrated band 
intensities, for the major bands of CO^ and HgO, This procedure 
is only applicable to high pressure conditions, where the fine 
structure is effectively smeared out. The integrated band 
intensities were determined from Hottel's ( 5I ) data and it is 
hardly surprising that the resulting expressions show good 
agreement, with Hottel's charts.
Overlap of COp and HpO in the 15 micron and 2.7 micron 
wave-length regions lias been considered by E chi go ( 28 ) with 
reference to available experimental" data. Simplified models 
were developed to account for band overlap. Comparison of this 
work with that of Hottel and Egbert ( 52) and Penner and Varansi 
( 88. ) show that they are all in reasonable agreement at 811 and 
1200 K.
The statistical model due to Goody has been used by 
Leckner to compute the emissivities of the major bands of 
COg( 60 ) and HgO( 61 ) in the_compilation of total emissivity 
charts. Data in the form of absorption coefficients and line 
spacing averaged over narrow spectral intervals were compiled 
from various sources. Comparison of these charts with those 
due to Hottel ( 36) reveal several discrepancies. At optical 
densities approaching 1100 atms. cms. weak bands outside the 
considered regions become active. Whilst at high pressures and 
short path lengths contributions from the wings of spectral. ■ 
Alines occur outside the band-widths.. Overlap calculations were 
also made.( 61 ) and compared.%ith Hottel's plots ( 36 ).
Agreement.was found to .be relatively good at path lengths 
exceeding a certain value. At low temperatures the correction 
plots exhibit marked asymmetry which is due to the fine line 
structure of H^O. The effect of line broadening of one gas 
upon the other was neglected in these calculations.
Large errors are often obtained in calculations of 
spectral absorption coefficients based upon the just-overlapped
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band profile (37). These arise from first order anharmicity 
effects which occur at all wave-lengths except those lying 
near the band centre. Penner, Sepucha and howder (89) have 
modified the just-overlapped line model to include these 
first order effects. They found that the new profile yielded 
good results in comparison with previous work,on CO (82) and 
COg (69), for low and moderate values of the rotational 
quantum number. This improved band absorption profile is 
only applicable under conditions of high pressure when the 
...fine rofàtidhal struC.tUrev 1 s \effect-iv.ely smeared out.
An extension of the Elsasser formulation (41) of 
absorption coefficients, to a vibrational/rotational band 
with varying line strength has been made by Hsieh and Grief 
(56). Using the exponential model due to Edwards and Menard 
(33) for line strength variation, expressions for band 
absorptance, under various limiting conditions, were 
developed. Direct comparison of the experimental data of 
Burch and Williams (18) with the developed model and that 
due to Tien and Lowder (107) was made, for the fundamental 
band of CO. The model was found to be in good agreement 
with the experimental data at 300 K and at I8OO K with the 
model due to Tien and Lowder (I07).
It is interesting to note that, as yet, no attempt has 
been made to consider a band made up of lines of equal 
strength and varying line separation. Comparison of this 
model with that of Hsieh arid Grief (56) and Elsasser (47) 
would yield valuable information as to the line overlapping 
processes that occur in an actual band.
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A - SPECTRAL LINE PROFILES
Energy changes in molecules are dictated by quantum 
considerations and can be associated with frequencies in the 
electromagnetic wave spectrum using Planck's equation
AE = hv , 11-1
It is well-known that absorption and emission of energy 
does not occur at discreet frequencies. Various perturbing 
phenomena give rise to a spread in frequency corresponding to a 
given energy transition - all infra-red lines have finite 
widths. The absorption in the vicinity of a spectral line is 
dictated by line shape.
Two parameters are used to describe spectral line profiles 
i) the line strength S
S = /“k(o))âü) II-2
and ii) the half-width b such that
k(wo ± b) = ik(u^) II-3
Natural Line Broadening
This form of broadening arises from the uncertainty in 
defining energy levels and associated lifetimes of quantum 
states - a consequence of Heisenberg's Uncertainty Principle
" ’ v -
At.AE s h/2w . II-4
The spread in frequency due to natural broadening is given
by applying Equation II-1 to the process of emission or
absorption of energy such that
= 1.(AE^,+ AE^) II-5n
The influence of natural broadening can be neglected in 
comparison with other broadening phenomena.
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Doppler Broadening ( 104)
For molecules or atoms at rest a given energy transition 
will occur at a single frequency v^ . The Doppler Principle 
shows that molecules moving with velocity v towards or away from 
an observer will emit or absorb energy at a frequency given by
V = Vq (1 + v/c) II-6
As a result of the Maxwellian velocity distribution of gas 
molecules, the absorption or emission of energy will be spread 
over a range of frequencies described by a Gaussian curve. The 
fraction of molecules dn/n with velocities in the range *
,v to V +.\dv ±0: given by bb vV ; \
^  = . S(  ^ exp
^ ^ ■ ( 2TrkTv^ )
- me (v -Vq) 
2krv^ .
II-7
Evidently, using Equation II-3 the Doppler half-width in 
time , b^, is defined by^  the relationship
b^ = ( 2kTln2)S H - 8
( mc^ )
It is apparent that b^ becomes significant at high 
temperatures.
Collision Broadening
This occurs as a direct result of the energy levels of 
absorbing molecules, being^perturbed by the close approach of 
other molecules. The treatment of collision broadened spectral 
lines is complicated ( 4 ,115). The Lorentzian profile (63) is 
flv.e, Simplest available expression and has been shown by Herzberg 
and Spinks (45 ) to be a satisfactory approximation for infra-red 
line shapes.
The absorption coefficient or collision line shape can be 
expressed at wave number w as
k(w) = f h  . ______ ]_____________________ II-9
■n ((o) - 0)^)2 + b|
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The collision half-width b is proportional to the 
collision frequency of the molecules and can be easily derived 
from simple kinetic theory (128) as
It is interesting to note that the more sophisticated 
theories such as those of Van Vleck and Weisskopf (115) and 
Anderson ( 4 ), all lead to a decrease in half-width with 
temperature which does not differ greatly from T~^.
B - SPECTRAL LINE ABSORPTANCE
The line absorptance A^, of a spectral line is defined as
At = I™ (1 - exp( - k X) ) dm 11-11L 0 0)
For a Lorentzian line shape the line absorptance is given 
by substitution of Equation II-9 into Equation 11-11, which upon 
integration yields an expression first derived by Ladenberg and 
Reiche (59 ).
Al = 2irb^.xe"^(J^(ix) - iJ,,(ix)) 11-12
SXwhere x
and J and J. are Bessel functions of the zeroth and first order, o I
This equation is frequently expressed in terms of a function 
f(x), known as the Ladenberg-Reiche function .
= 2xbgf(x) . 11-13
Useful asymptotic forms of Equation 11-12 are 
. i) for x<1, the linear region
A^ = 27rb^ x = SX, x<0,02q ' 11-14
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and ii) for x >1, the square root region
= 2/"SbpC, X>12.5q""' 11-15
The\■•.above'expressions,vare•yalih.ito within q percent for the 
related iimlts. of x ( 90 ;) . 'V-.. .
For practical purposes it is advantageous to have a simple, 
continuous function to represent Equation 11-12, The following 
expressions are available
i) an expression due to Tien (443)
A ^  = 2irb^ ('^)^' D  " (■?rx/2)2)j 11-16
which reduces to the .correct asymptotic forms and gives reason­
able numerical agreement for the whole range of x,
and ii) that due to Rogers (143)
= 2TTb^x(l + 7rx/2)-2 11-17
This expression is in excellent agreement with the numerical 
values given by Equation 11-12 and also reduces to the same 
asymptotic limits.
C - THE OVERLAP OF SPECTRAL LINES
Several attempts have been made to account for the loss in 
total absorptance due to the overlap of spectral lines within a 
.band. Matossi, Mayer and Rauscher (70) considered the overlap 
due to two lines of unequal strength and half-width. The same 
procedure was applied to the case of n lines.
In 1956 Reiche (93) published his analysis of the absorptance 
due to overlap of two identical Lorentzian lines. Two interesting^ 
but perhaps obvious, conclusions were drawn
i) for complete overlap the total absorptance is 
given by substituting a value of 2x into the 
Ladenberg-Reiche function (see Equations 11-12
and 11-13)
1U2
ii) for complete separation the total absorptanceis equal to the sum of the absorptances due toeach line.
These two analyses produced no simple expressions for over­
lap corrections. The most significant attempt to correlate for 
spectral line overlap was that due to Sakai and Stauffer (96 ) 
who considered the general case of two overlapping Lorentzian 
lines of unequal strength and half-width. This expression is 
given below
^L12 “ ^L1 ^L2 “ Ag/D 11-18
where
= 4nb^b2f(x^)f(x2)/(%ib^/f(x^) + Xg^g/f^Xg)) H-19
and D = 1 + ( w<| - W2) V ( ’b^x^/f(x^ ) + bgXg/^fxg))^^ 11-20
Sakai (97) subsequently modified this expression in an effort to 
improve the overlap near line centres
A q  =  4 n b ^ b 2 f ( % i ) f ( % 2 ) / ( t ( % i , b ^ )  + t ( % 2 , b 2 ) )  1 1 - 2 1
where
t(x,b) = b(f(x))V(2f(x) - f(2x))' 11-22
It is possible to extend this overlap correction to n 
spectral lines and thus account for the absorptance due to a 
band. This procedure has been applied to the fundamental band 
of carbon monoxide, the results of which are presented in 
Appendix IV. A comparison of these two expressions was made 
during the course of the overlap calculations. However, it is 
important to note that the modified expression due to Sakai must 
be used with some discretion. Consider two spectral lines with 
absorptances in the linear region, given by small optical 
densities and high broadening pressures. Under these conditions 
the spectral lines will be extensively broadened resulting in 
considerable overlap. The correction as given by using 
Equations 11-20 and 11-21. is zero.
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SPECTRAL EMISSIVITY OR NARROW BAND MODELS
The Elsasser Model (126 )
This model considers a vibrational/rotational band with 
equally intense, equidistant lines with centres ± nd. The lines 
are assumed to have a dispersion contour with half-width b .
The spectral absorption coefficient at w is
+ 8 b
w n » -00 (w - nd) + b
Elsasser was able to express the periodic function defined 
in Equation III-1, using the theorem of Mittag (14?)? in terms of 
trigonometric function. Thus, using
s = , e = III-2
then Equation III-1 becomes
k = I --------  III-3s d cosh 3 - cos s
Transmission for an optical density pi = X over a wave 
number interval of d is given by
1 +d/2 • .T = -Cd/2 Gxp(- k^X) dw III-4
' Prom Eqdations III-R'/ehd III-3 it follows that
T = ^  r  6%p(- k^x) 'ds- I.II-5
Introducing another variable  ^ such that
_ 1 - (cosh 3)(cos s) ' III-6= cosh B - COG 8---
■ ■ ; , : 145 '
Transposing and differentiating
= ^ £-fr- -^5o-sl  ' " 1-7 \
Substituting for s in terms of cj) ,Equation III-5 becomes
T ~ 8inh B f'^ exp p- y (cosh 3) + y (cos (j)]] dcj) III-82ïï -7T • cosh 3 “ Ç0S 4)
where
y = SX/d sinh 3 ' III-9
■ Differentiation of Equation III-8 with respect to y shows
that
/^ ■exp(- y (cosh 3) + y (cos (())) d(|) . III-10
A Bessel function of zero order may be defined as 
J^(iy) = ~  /^ exp(+ y cos III-11
Hence '
= sinh 3 [exp(- y cosh 3)] J^(iy)dy III-12
and
T = 1 -E = Sinh 3 -^sx/d sinh3 V cosh 3)J^(iy)dy III-13
The above expression cannot be evaluated analytically, values 
of the above expression tabulated as a function of SX/d sinh 3 
have been prepared by Ka]gan (57 ).
Elsasser (126) has shown how a number of limiting forms can 
be derived from Equation III-13 for various special cases:
■i) for low total pressures, b is small compared 
with d, it follows that 3 is small , ■ ' ■
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2. ..r If--f. =is; .small then sinh 3- r 3 and cosh 3 - 14- 3 /2, and
■y .Is restricted to large values
lim \ e^y 4-00 or /2ny
Equation 111-13 becomes
" = ' - e Ax/ae sxp(_ ye 7 2 ) 111-1U
Therefore
1.
e = erf (/e^x/2) = erf (
where
8XX = 2ïïb
ii) for high total pressures b/d >>1, 3 >>1 sinh 3 - cosh 3 
and cosh 3 >> 1 «. Hence the mean absorption is now determined by small values of y such that 
Jo(iy) = J q(o ) = 1
6 = 1 -  exp(- SX/d) III-16
iii) for 3 <<1, cosh 3 = 1, sinh 3 = 3  and X << 1 then 
y^1 and Equation III-I3 reduces to
E = 1 - 3 ^x/d3 G%p(- y) J^(iy)dy III-I7
How from the properties of Bessel functions
aj„ J. ,
â T  (z) = —  (2) + S^{z)
Hence
exp(- y) J^(iy) = ~^ (y exp(- y)(Jo(iy) - iJ^(iy))) HI-18
Therefore
8X/d3 .
e ^ & I %  (f(y)) dy III-I9
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e = f(x) III-20
Where f(x) is the Ladenberg-Reiche expression for the 
absorptance due to a dispersion line
f(x) = xe“^'{ J^(ix) - iJ.,(ix)} III-21
The mean absorption due to this line is given by- 
averaging over the line spacing and is clearly applicable to the 
case of non-overlapping lines.
The Statistical Model ( i4l ,136 )
The statistical or Mayer-Goody model as.it is often called 
after its two originators, describes a band consisting of a 
random array of spectral lines of random intensities. The 
position and intensity of a given line is described usingoprobability functions.
The following development is that due to Gray ( 130) to 
Consider an array of n lines such that the centre of the first 
line is in the interval dm^ when the second line is in the*tj^linterval dwg and so on until the n—  line. Let the probability 
of this arrangement of the n lines within the spectral band be;
N(w^....w^)dw^....dw^ ' III-22
- thLet P(8,8.)d8. be the probability of the i—  line having an 1 1intensity between 8^ and 8^ + d8^, then the transmissivity due 
to one line at wave number,to is
T. ( (o) = exp(- 8.PX) ' III-23
where P ‘is the. line sWpe'-A.Ldr.entz/ Doppler or a combination of 
■the two '.('see Appendix 11) .., .'..%.'. .
The mean transmissivity over the wave number interval nd 
is given by: ,
T,( Oû ) =
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+ nd/2 +nâ/2 oo » , _  ^ ,f . . .  f / . . . /  nP(S,S^ )exp(-SjPX)clSj
-nd/2 -nd/2______________________° ° _^________________
+ nd/2 +nd/2 oo _/ • • • / N( (o,| ,••••, (0^ ) dw,j • • • dw^ / * » « / 3p( S, ) dSj^
-nd/2 -nd/2
HI-24
Since  ^ P(S,S^)dS^ = 1 and all line arrangements are 
equally possible N(w^,.,..,w^) is a constant.
It follows that mean absorption is
6 = 1
+ nd/2 ^ n
■i- I P(g,8) exp (-SPX) dS,_ nd -nd/2 HI-25
Equation HI-25 may be rearranged
. nd/2
1 - P(§,s) |1nd -nd/2
n
e = 1 exp(-SPX) Ids III-26
Interchanging the order of integration in Equation III-26 
and extending the limits of integration of w to o and «> yields
1 -
A 001 - —  / P(S,S) A-dS
n
Where from Equation II,-11
A, = /“ ( 1 -  exp(-SPX))dw
J-i 0
Mean line absorptance is given by
HI-27
A^ = r  A^P(8,8)d8
As n -4- 00 Equation HI-27 yields
HI-28
E = 1 - exp(~ Â]^ /d) HI-29
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Several probability functions have been used in conjunction 
with the Lorentzian line shape;
i) for the probability function used by Goody (41 )
P ( S , S )  = - exp(- s / s )  
g
. e = -I - exp (— — — ) III-30°  (1 + SX)
ii) the Dirac delta function P(S,S) = G(8 - S)
Equation HI-29 becomes
e = 1 - exp(- 2irb f(x)/d) III-31
where f(x) is the Ladenberg-Reiche function. .
APPENDIX IV
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.BAND ABSORPTANCE CALCULATIONS FOR THE FUNDAMENTAL BAND OF CARBON MONOXIDE_______________ ;______________________________
The absorptance of a spectral band may be calculated by 
considering the absorptances of all the spectral lines that 
make up the band. Any corrections to the band absorptance, 
resulting from the overlap of spectral lines, can be made using 
an expression due to Sakai and Stauffer ( 96 )or that due to 
Sakai ( 9 7 ) . For further details see Appendix II. Thus the 
absorptance of a band .composed of n lines can be expressed as:
i = . n i = n-1 j = nA.„ = Z A,, - Z Z (A /D), IV-1i = 1  1 = 1 3 = 1 + 1  °
Line absorptances were calculated using the expression due 
to Ladenberg and Reiche (59 ) . Numerical values of line strengths 
for the seventy lines considered in the calculations, were taken 
from the work of Penner ( 159) .
The two overlap expressions mentioned above were both used 
in the calculations and a comparison made of the effect of each 
expression on the values of band absorptance. For total 
pressures below 3.5 atms. both expressions gave corrections of 
the same order of magnitude. At total pressures in excess of 
3 . 5 atms. the expression due to Sakai gave corrections which 
were much greater than those given by the expression due to 
Sakai and Stauffer - an apparent tendency to over correct. The 
expression of Sakai and Stauffer was, therefore, used in the 
final calculations.
It was found that band absorptance calculations were
extremely sensitive to the ’value chosen for thé mean line half­
width. The value of 0.07 cms."^, given by Penner ( 139) for the 
mean line half-width of carbon monoxide was unsatisfactory. The 
choice of a suitable value for mean line half-width can be made 
by considering a band composed of non-overlapping spectral lines. 
Thus the uncorrected calculated values of band absorptance must be 
equal to the corresponding experimental values. A value of 
0 .0 6 2 3 cms."^, for the mean line half-width, was found to be the 
most suitable.
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Calculated and experimental values of band absorptance 
are shown in Table IV-1 and plotted in Fig, IV-1,
Table IV-1 Calculated and experimental results for band absorptance for CO-He mixtures for the fundamental of CO.
1 ■Ml»—
^Tpsia
Ag CT
Expt. Calc,
16 30.0 . 29.720 31.7 31.825 34.9 36.040 42.2 38.850 48.3 45.775 53.7 52.2100 -56.7 56.8300 65.9 68.5500 67.9 68.9700 66.5 67.8
Figure IV-1 indicates that band absorptance is insensitive to 
any changes in total pressure for pressures in excess of 300 psia. 
Reference to Table IV-2, given below, shows that for the 
pressures of 300, 300 and 700 psia, the majority of spectral 
lines are in the linear region. The linear region is defined 
by the parameter x which is less than one (see Appendix II),
Table IV-2 Numbers of spectral lines in the linear intermediate and square root regions as 
a function of total pressure.
psia
Linear
X  < 1 
%
Intermediate 
M < X < 3 •
Square Root
X > 3 %
16 28.5 30.0 41.5
20 28.5 55.0 38.5
2 5 31 .U 57.2 31.440 3U.3 51.4 —50 37.2 62.8 -
75 40.0 60.0 -100 42.9 57.1 —300 52.8 47.2 —500 60.0 40.0 -700 62.2 57.8
60
Experimental
Calculated50
COao
20
168U0 12 2420 28
/P/p (p8ia)2
FIGURE: IV-1 Band absorptance for CO/He mixtures as 
function of (P )2 .
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ESTIMATES OP OVERLAP BETWEEN THE FUNDAMENTAL BANDS OF CARBON DIOXIDE AND CARBON MONOXIDE IN THE k TO 5 MICRON REGION
Estimates of the corrections to band emissivities arising 
from the overlap of the 4.3 micron band of COp and the 4.7 micron 
band of CO have been made using Equation 5-6
Narrow spectral bands (see Appendix III) were used to 
account for the variation of spectral emissivities with optical 
density and equivalent pressure.'
Previous workers ( 1 ,139) have shown that the strong line 
Elsasser model is suitable for the description of spectral 
emissivities of CO over a wide range of conditions.
In the Case of COg, Penner(139) has observed that total 
absorptivity is independent of total pressure for pressures in 
excess of one atmosphere. It is assumed that self broadening 
is limited by the same pressure. This observation indicates 
that the Elsasser strong line model is applicable for pressures 
below one atmosphere and the weak line model for higher 
pressures.
Thus the calculations were performed in two separate 
sections
i) strong line/strong line P^  ^i 1
erf( ; srf( [’r dX V-2
and ii) weak line/strong line
E
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Values of spectral parameters for COp were taken from 
Malkmus (68) and for GO from practical measurements of Abu-Romia 
and Tien (1 ). Three temperatures were considered: 300, 600 and 
1200 K. An extensive search, of the literature regarding 
theoretical calculations showed that no data on spectral 
parameters for COp at 900 were available. An approximate method 
of estimating the required parameters was considered. It was 
found that estimated values gave emissivities which were in 
considerable error in comparison with experimental data (108 ).
The broadening effect of COp and CO upon one another may 
be accounted for by the use of P. factors, as considered in 
Section 5-3. ■ At present only one study of the broadening effect 
of COp upon the 4*7 micron band of CO has been undertaken (25 ).
A variation in P values across the band v/as observed. An average 
value may be taken as 1.2,
In view of the absence of other experimental values and 
the uncertainty in the only available P factor, it was decided 
that calculated values for self broadening coefficients relative 
to the other gas (see Section 5-3) would be used in these 
calculations. They are both of the same magnitude and related 
in a. reciprocal manner. If, in the future, experimentally 
determined values prove to be greatly different, it is thought 
that their use will have little effect on calculated values 
of Ac .
The results are presented in graphical form in the 
following section.
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200yp
100
66 » 66
02 50,00
1 5 ^
1 0 , 0 0
0,01
6,66
0.5
MOL. FRACTION CO
162
FIGURE V-6 BAND ÜWISSTVITY CORRECTION FACTORS FOR THESTRONG LINK CO/STRONG LINE CO^ CASE AT 1200
XP 200
100
dO.02cj
10,00
0.01 6 ,66
0.90.1
MOL. FRACTION CO,
APPENDIX VI
EXPERIMENTAL RESULTS
CARBON DIOXIDE 
U.3 MICRON BAND
69- 74 COg
103-107 COg
161-166 COg 
216-221 CO^
165
HUN NO 69 70 71 72 73 74TEMP K 293 293 293 293 293 293P ATMS 0.33 0 . 6 6 1.00 2.00 5.00 10.00X 1 .0 0 1 . 0 0 1.00 1.00 1.00 1 .00L CMS 12 . 12 12 12. 12 12AB MCS 0.20355 0.22856 0.24888 0.28262 0.35453 0.44683EB 0.00138 0.00156 0.00171 0.00194 0.00246 0.00312WAVELENGTH EM ISSIV ITY3.800 - 0 . 0 0 0 0 0 0.00000 0.00000 "0.00000 0 . 0 0 0 0 0 0.000003.825 0.00000 0.00000 0.00000 0.00000 0.00000 0.000003.850 0.00000 0 . 0 0 0 0 0 0.00000 0.00000 0 . 0 0 0 0 0 0.000003.875 0 . 0 0 0 0 0 0.00000 0.00000 0.00000 0.00000 0.031773.900 0.00000 0.00000 0 . 0 0 0 0 0 0 .0 0 0 0 0 0.00000 0.062443.925 0 . 0 0 0 0 0 0 . 0 0 0 0 0 ' 0.00000 0.00000 0.00000 0.090233.950 0.00000 0.00000 0 . 0 0 0 0 0 0.00000 0.02874 0.121473.975 0.00000 0.00000 0.00000 0.02019 0.05782 0.172314.000 0.00000 0 . 0 0 0 0 0 0.00000 0.03125 0.08999 0.024724.025 0.00000 0.00000 0.00000 0.05567 0.10977 0.394884 . 0 5 0 0 . 0 0 0 0 0 0.00000 0.02872 0.08230 0.24776 0.525454.075 0.03257 0.04677 0.06123 0.14098 0.32340 0.729994 . 1 0 0 0.06522. 0.08989 0.11287 0.24526 0.54674 0.871114.125 0.13009 0.15725 0.18599 0.39774 0.77666 0.924574.150 0.27982 0.44590 0.61374 0.73299 0.90535 0.948264 . 1 7 5 0.76221 0.83540 0.89877 0.92723 0.93250 0.957744.200 0.91345 0.91730 0.92273 0.92978 0.94022 0.957684.225 0.92117 0.92628 0.92824 0.93258 0.94370 0.9604c4.250 0.93020 0.93100 0.93178 0.93825 0.94688 0.959704.275 0.92999 .0.93002 0.93291 0.93970 0.94570 0.953324 . 3 0 0 0.93103 0.93187 0.93245 0.93920 0.94377 0.948894.325 0.89787 0.90909 0.92355 0.93750 0.93925 0.942554.350 0.71872 0.80327 0.86975 0.91661 0.92000 0.935724.375 0.35672 0.51245 0.65866 0.71754 0.86574 0.900554 . 4 0 0 0.19776 0.37750 0.44688 0.57230 0.63116 0 . 816684.425 0.09066 0.16531 0.21000 0.31970 0.48232 0.624794.450 0.03572 0.08640 0.12143 0.20097 0.35000 0.47500
4 . 4 7 5 0,00000 0.04837 0.08235 0.13724 0.22347 0.330004 . 5 0 0 0 . 0 0 0 0 0 0.02991 0.05449 0.09676 0.14885 0.251714.525 0.00000 0.00000 0.02568 0.06723 0.10072 0.175684.550 O.OOÔOO 0.00000 0 . 0 0 0 0 0 0.04335 0.07667 0.138874.575 0.00000 0.00000 0 . 0 0 0 0 0 0.02761 0.05744 0.104454.600 0.00000 0.00000 0 . 0 0 0 0 0 0.00000 0.04585 0.081184.625 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 p . 00000 0.03110 0.069924.650 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0.02700 0.071564.675 0.00000 0.00000 0 . 0 0 0 0 0 0.00000 0.02692 0.077684.700 0 . 0 0 0 0 0 0.00000 0.00000 0.00000. 0.03871 0.093304.725 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.04575 0.127224.750 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0.07195 0.152444.775 0.00000 0 . 0 0 0 0 0 0.00000 0.01997 0.08057 0.168804.800 0.00000 0.00000 0.00000 0.03751 0.08114 0.162724.825 0.00000 0.00000 0.00000 0.02521 0.07866 0.158244.850 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0 0.00000 0.07537 0.132234.875 0.00000 0.00000 0.00000 0.00000 0.06112 0.110074.900 0.00000 0.00000 0 . 0 0 0 0 0 0.00000 0.03845 0.067744.925 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0 0.00000 0.02723 0.051134.950 0 . 0 0 0 0 0 0.00000 0.00000 ' 0 . 0 0 0 0 0 0.00000 0.023754.975 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0.00000 0.000005.000 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0 0.00000 0.00000 0.00000
166
RUN NO 105 104 105 106 107TEMP K 293 293 293 293 293P ATMS 0.33 1.00 2.00 5.00 10.00X 1 .00 1 .00 1 .00 1 .00 1.00L CMS 158 158 158 158 158AB MCS 0.28499 0.54371 0.42057 0.53629 0.62547EB 0.00195 0.00215 0.00292 , 0.00387 0.00432
3.700 0.00000 0.00000 0.00000 0.00000 0.02512 "3.725 0.00000 0.00000 0.00000 0.00000 0.041283.750 0.00000 0.00000 0.00000 0.00000 0.055013.775 0.00000' 0.00000 0.00000 0.00000 0.076773.800 0.00000 0.00000 0.00000 0.00000 0.104053.825 0.00000 0.00000 0.00000 0.00000 0.132003.850 0.00000 0.00000 0.00000 0.03977 0.167253.875 0.00000 0.00000 0.00000 0.06571 0:252293.900 0.00000 0.00000 0.00000 0.08977 0.524713.925 . 0.00000 0.00000 0.00000 0.11577 0.426883.950 0.00000 0.00000 0.05571 0.16750 0.567993.975 0.00000 0.05077 0.08520 0.25271 0.675004.000 0.02751 0.05114 0.15441 0.54622 0.722724.025 0.04937 , 0.08433 0.18999 0.44071 0.854544.050 0.09345 0.17667 c .27254 0.57244 0.916654.075 0.22122 0.29771 0.56422 0.75271 0.950004.100 0.32735 0.42481 0.51555 0.85288 0.974974.125 0.48577 0.57366 0.67345 0.92500 0.980274.150 0.65010 0.71334 0.85700 0.96700 0.984444.175 0.79905- 0.86527 0.90508 0.97211 0.984444.200 0.88556 0.94111 0.95007 0.97217 0.985004.225 0.94788 0.95622 0.96110 0.97017 0.987704.250 0.95227 0.95427 0.95971 0.98988 0.984984.275 . 0.95208 0.95610 0.95832 0.97105 0.985014.300 0.94881 0.95000 0.96102 0.97000 0.984764.325 0.93744 0.94725 0.95844 0.96881 0.982774.350 0.88000 0.93255 0.94876 0.96244 0.977204.375 0.79333 0.81700 0.92701 0.94000 0.956684.400 0.61977 0.72075 0.84703 0.87222 0.907674.425 0.57227 0.61554 0.74435 O.8O552 0.852244.450 0.79226 0.58110 0.55320 0.72478 0.782434.475 • 0.06778 0.24215 0.44000 0.55356 0.678994.500 0.02759 0.14333 0.52711 0.43117 0.508924.525 0.00000 0.06547 0.21880 0.31774 0.382474.550 0.00000 0.05115 0.15570 0.25485 0.524664.575 o.ooboo 0.00000 0.12155 0.21875 0.272484.600 0.00000 0.00000 0.09766 0.20785 0.258874.625 0.00000 0.00000 0.07877 ■ 0.20447 0.260004.650 0.00000 0.00000 0.10000 0.20689 0.276714.675 0.00000 0.02782 0.11821 0.21886 0.348774.700 0.00000 0.05560 '0.14728 0.26533 0.448954.725 0.00000 - 0.11222 0.17489 0.54000 0.608974.750 0.05897 0.15200 0.20119 0.46208 0.697274.775 0.05228 0.14052 0.21227 0.49889 0.714254.800 0.06871 0.13127 0.20555 0.42787 0.655004.825 0.04001 0.12547 0.17250 0.58441 0.510774.850 0.02997 0.09112 0.15010 0.29273 0.428874.875 0.00000 0.05271 0.12222 0.21855 0.568874.900 0.00000 . 0.05727 0.09670 0.15577 0.287524.925 0.00000 0.00000 0.06227. 0.12500 0.206784.950 0.00000 0.00000 0.02777 0.09610 0.15000
4.975 0.00000 0.00000 0.00000 0.06570 0.100205.000 0.00000 0.00000 0.00000 0.02472 0.05560
167
RUN NO 1 61 1 6 2 1 6 3 1 6 4 1 6 5 1 6 6
TEMP K . 1 2 0 0 1 2 0 0 1 2 0 0 1 2 0 0 1 2 0 0 1 2 0 0
P ATMS 0 .  53 1 , 0 0 2 . 0 0 3 / 0 0 5 , 0 0 1 0 , 0 0
X 1 . 0 0 1 , 0 0 1 ; o o 1 , 0 0 1 , 0 0 1 . 00
L CMS 12 12 12 1 2 1 2 1 2
AO MCS 0 2 5 4 9 0 0 5 5 2 4 4 v ; 3 0 % 3 6 0 . 4 5 5 0 6 0 , 5 5 0 6 5 Ü 6 6 8 6 0
EÜ 0 0 3 5 8 3 0 0 7 5 7 1 0 : 0 5 3 5 3 0 . 061  41 0 . ’ 0 7 3 5 7 0 0 5 7 9 6
3 . a o o o 0 0 0 0 0 0 0 0 0 0 n 0 u ; 0 n 0 0 0 0 . OOOOO 0 OOOOO V OOOOO---- • \ - 3 . 8 2 5 0 0 0 n 0 0 0 0 QOQOQ o . ' o n o o o 0 o o o o o 0 OOOOO Ü OOOOO
3 . 8 5 0 0 u QOOUO 0 OOOOO G / OOQOO 0 o o o o o 0 OOOOO U OOOOO
3 . 8 7 5 0 0 0 0 0 0 0 0 OOOOO 0 VOODOO O' o o o o o 0 OOOOO 0 OOOOO
3 . 9 0 0 0 0 o o o o o 0 OOQOO 0 / 0 0 0 0 0 Û o o o o o 0 OOOOO u OOOOO
3 . 9 2 5 0  .. 0 0 n o o o 0 OOOOO 0 ; 0 n 0 0 0 0 o o o o o 0 OOOOO Q OOOOO
3 . 9 5 0 0 0 0 0 0 0 0 0 OOOOO 0 / 0 0 0 0 0 Û o o o o o 0 o o o o o 0 o o o o o
. 3 . 9 7 5 0 _ : i \ 0 OOQOO 0 o o o o o Û / 0 O 0 0 0 0 o o o o o ' 0 OOOOO Q o o o o o  1
4 . 0 0 0 0 Ü o o o o o 0 o o o o o Û/ OOÔOO 0 o o o o o 0 o o o o o Ü 0 3 4 7 1
4 . 0 2 5 0 0 0 0 0 0 0 0 o o o o o 0 / 0 0 0 0 0 0 o o o o o 0 0 5 4 7 0 Ü 1 0 7 9 1  :
4 , 0 5 0 0 0 o o o o o 0 OOQOO 0 / 0 0 0 Û O 0 o o o o o 0 1 3 7 8 9 Q 2 0 5 4 5
4 . 0 7 5 0 0 o o o o o 0 OOQOO Q / O S l 08 0 1 3 2 1 6 0 2 9 2 7 9 Ü 3 2 1 7 2
4 . 1 0 0 0 0 o o o o o 0 o o o o o 0 / 1 1 4 1 8 0 2 0 5 4 8 0 3 9 2 6 0 U 5 7 6 3 8
4 . 1 2 5 0 u o o o o o 0 0 6 0 7 5 0 / 1  7 7 5 9 0 3 2 7 1  0 0 5 7 4 7 7 Q 7 7 3 8 3
4 . 1 5 0 0 0 1 6 1 1 4 0 31 2 8 0 0 / 4 6 9 1 9 0 5 9 7 1  6 0 7 8 1 * 9 U 8 5 4 7 5
4 . 1 7 5 0 Ü 5 7 4 2 6 0 7 1 7 8 2 0 . 7 7 7 2 3 0 8 1 1 8 8 0 861 39 Q 9 1 0 P. 9
4 . 2 0 0 0 u 8 0 6 2 3 0 8 3 2 4 6 0 / 8 3 5 2 3 Q 8 5 3 6 4 0 8 6 9 1  1 Q 9 0 0 5 2
4 . 2 2 5 0 0 8 2 5 1 4 0 8 3 0 6 0 0 / 8 3 7 0 8 Û 8 4 6 9 9 ' 0 8 6 3 3 9 0 6 9 6 1  7
4 . 2 5 0 0 0 8 3 2 4 0 0 8 3 2 4 0 0 / 8 3 3 0 0 0 8 4 9 1  6 0 8 6 0 3 4 Ü 8 5 2 6 8  .
4 , 2 7 5 0  CL 0 8 3 0 9 1 0 8 3 0 5 1 0 / 8 3 1 4 6 0 8 4 1 8 1 0 8 5 3 1  1 0 5 8 1 3 6
4 . 3 0 0 0 Ü 8 2 9 5 5 0 8 3 5 2 3 0 / 8 3 5 1 3 0 8 4 6 5 9 ' 0 3 S 7 9 5 • 0 8 8 Q 6 5
.4.  3 2 5 0  L L L 0 8 3 1 4 6  . 0 8 3 1 4 6 0 / 8 3 4 2 6 0 8 4 8 3 1 0 6 5 3 9 5 V 8 8 2 0 2
4 . 3 5 0 0 0 S i  5 6 4 0 8 3 2 4 0 0 / 8 3 2 4 0 0 8 4 9 1  h 0 8 5 4 7 5 Q 6 7 1 5 1
4 . 3 7 5 0 L L L Ü 7 9 2 1 3 . 0 8 2 5 8 4 0 / 8 3 1 4 6 0 8 4 2 7 0 0 8 5 3 * 5 0 6 7 6  4 0 C\
4 . 4 0 0 0 0 7 4 5 7 6  ' 0 8 2 4 3 6 0 / 8 3 6 1 6 0 8 4 7 4 5 0 5 5 3 1  1 Ü 6 8 1 3 65=.zrrr^r:L^.' -4 . 4 2 5 0  : 0 6 6  2 8 6  ' s 0 5 7 1  0 0 / 8 3 4 2 9 0 8 4 5 7 1 0 8 5 7 1 4 0 68000 '
4 . 4 5 0 0 0 5 2 8 7 4 0 7 6 4 3 7 0 / 8 2 1 8 4 0 8 3 9 0 8 0 8 5 0 5 7 0 8 7 9 3 1  “
4 . 4 7 5 0 7 L 0 3 8 8 2 4 0 6 5 8 8 2 0 / 7 8 2 3 5 0 81 7 6 5 0 8 4 1 1 5 Q 6 7 6 4 7
4 , 5 0 0 0 0 2 5 7 4 9 0 5 2 0 9 6 0 / 6 8 3 6 2 0 7 6 6 4 7 0 8 1 4 3 7 0 5 6 8 2 6
4 . 5 2 5 0  : u 1 6 3 6  4 0 3 9 3 9 4 0 / 5 7 5 7 3 Û 6 8 4 8 5 0 7 6 9 7 0 0 8 4 6 4 8  '
4 . 5 5 0 0 0 0 9 2 5 9 0 2 7 7 7 8 0 / 4 5 6 7 9 0 5 9 2 5 9 '  ' 0 7 1 6 0 5 0 6 1 4 5 1
4 . 5 7 5 0  L 0 0 4 4 0 3 0 1 9 4 9 7 0 / 3 7 1 0 7 Û 5 0 9 4 3 0 6 5 4 0 9 Q 7 7 3  5 8 ..
4 . 6 0 0 0 0 OOOOO 0 1 3 3 7 6 0 / 2 8 0 2 5 0 4 2 0 3 8 0 5 6 6 8 4 Q 7 1 9 7 5  '
4 . 6 2 5 0 ] ^ ^ : 0 OOOOO 0 (>6 4 °  4 Û / 2 0 1 3 0 0 3 2 4 6 8 0 4 5 4 5 5 0 6 2 3 3 8
4 . 6 5 0 0 0 OOOuO 0 0 4 6 0  5 0 . 1 3 8 1 6 0 2 4 3 4 2 0 3 6 1 8 4 V 5 3 2 8 9 '
% . 6 7 5 o " m r 0 on 00 0 0 OOOOO 0 / 1 2 S 8 3 0 231  79' 0 3 6 4 2 4 V 5 6 2 9 1
4 . 7 0 0 0 0 OOQOO 0 OOOOO 0 / 1 3 5 1 4 0 2 4 3 2 4 0 3 4 1 8 9 0 6 2 1 6 2
4 . 7 2 5 0  - 0 o o o o o 0 OOOOÙ 0 / 1 4 2 8 6 0 2 5 3 6 2 0 401 36 0 6 3 9 4 6
4 . 7 5 0 0 0 o o o o o 0 Qoono 0 / 1 3 8 8 7 0 2 4 2 6 5 0 4 0 9 7 2 0 661  76
4 . 7 7 5 0 (i OOQOO 0 QOOOO 0 / 1  4 0 3 5 0 1 9 4 0 3 0 4 2 2 5 4 0 6 7 7 5 1
4 . 8 0 0 0 0 0 0 0 u 0 0 o o o o o 0 / 1 7 1 4 3 0 1 3 6 3 6 0 4 4 2 8 6 Ü 6 7 8 5 7
4 . 8 2 5 0 0 OOQOO 0 OOOOO 0 / 1 5 2 1 7 0 2 5 5 6 2 0 4 2 0 2 9 V 6 6 6 7 0
4 . 8 5 0 0 0 0 n 0 u 0 0 OOQOO Q / I  5 4 4 1 '0 2 4 2 6 5 0 3 8 9 1  7 V 661  76
- 4 . 8 7 5 0 L \ u OOGUO 0 OOOOO 0 / 1 1 1 9 1 0 1 9 4 0 3 0 3 4 3 2 8 0 5 9 7 0 1
4 . 9 0 0 0 Ü OOQOO 0 OOOOO 0 / 0 7 5 7 6 0 1 5 6 3 6 0 2 5 0 0 0 0 4 6 9 7 0
4 . 9 2 5 0  ^ 0 OOQOO ■ 0 o o o o o 0 / 0 5 3 8 5 0 1 0 7 6 9 ' 0 1 8 4 6 2 0 3 6 9 2 3
4 , 9 5 0 0 0 o o o o o 0 o o o o o  . b/ OGOOO 0 0 9 3 0 2 0 1 4 7 2 9 0 2 9 4 5 7
4 . 9 7 5 0 0 OOQOO 0 OOQOO o / o o o o o 0 0 7 8 7 4 0 1 2 5 9 5 Q 2 1 4 0 9
5 , 0 0 0 0 0 OOQOO 0 o o o o o 0 / OOOOO 0 . OOOOO 0 0 9 2 8 6 V 1 3 3 6 5
>RER
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RUN NO 216 217 218 219' 22ft 221
TEMP K 900 900 900 90ft 900 900
—- - - -, — -.. P ATMS 0 . 3 3 0 . 6 6 1 . 0 0 2 . 0 0 3 . 0 0 5 , 0 0
X 1 . 0 0 1 . 0 0 1 . 0 0 - 1 . 0 0 1 . 0 0 1 . 0 0
- •• L CMS 12 12 12 12 12 1 2
AB MCS 0 240 85 0 2 9 1 0 3 0 . 3 3 0 4 7 ft 41070 0 . 4 8 3 6 7 Q 5 9 1 2 8
EB 0 041 1 6 0 0 4 9 3 7 0.  05579' ft 06859' 0 . 0 8 0 2 4 0 09761
S 8000 0 OOOOO 0 OOOOO 0 . 00000 .0 00 ft Oft 0 . 00000 0 OOOOO
3 8250 0 OOOOO 0 ooooo 0 . 0 0 0 0 0 ft OOOOO ft. OOOOO 0 OOOOO
3 8 5 00 0 OOOOO 0 ooooo 0 . 0 0 0 0 0 0 OOOOO 0 . OOOOO 0 OOOOO1-- .^ -- 3 8750 0 OOOOO 0 ooooo 0 . 0 0 0 0 0 ft ooooo 0 , 0 0 0 0 0 0 OOOOO
3 9 0 0 0 ___ 0 OOOOO 0 ooooo 0 . 0 0 0 0 0 ft ooooo 0 . 0 0 0 0 0 0 OOOOO. ' 3 9 2 5 0 0 ooooo 0 ooooo ■ 0 . 0 0 0 0 0 ft ooooo 0 . 0 0 0 0 0 0 OOOOO
3 9 5 0 0  --- 0 ooooo 0 ooooo 0 . 0 0 0 0 0 ft ooooo 0 . 0 0 0 0 0 0 ooooo
3 975 0 0 ooooo 0 ooooo 0 . 0 0 0 0 0 ft ooooo 0 . 0 0 0 0 0 0 ooooo -
4 0000 0 ooooo. 0 ooooo 0 . 0 0 0 0 0 ft ooooo 0 . 0 0 0 0 0 0 0 00 0 0. 4 0250 0 ooooo 0 ooooo 0 . 0 0 0 0 0 0 ooooo o . o o o o o 0 1 9356
4 0500 0 ooooo 0 ooooo 0 . 0 0 0 0 0 ft 043 9 6 0 . 1 0 9 8 9 0 2 6 9 7 8
4 0750 0 ooooo 0 ooooo 0 . 0 2 2 4 7 ft 0561 8 0 . 1 4 6 0 7 0 3 8 461
4 1000 0 ooooo 0 ooooo 0 . 0 3 3 7 1 0 1 0112 0 . 2 2 4 7 2 0 449 4 4
4 1250 0 0 1 1 3 6 0 03409 0 . 0 5 6 8 2 0 1931 a 0 . 3 7 5 0 f t 0 6704 5
4 1500 0 1 0465 0 20930 0 . 2 9 0 7 0 ft 4 8 8 3 7 0 . 6 6 2 7 9 0 87209'
4 1750 0 56471 0 6 9 4 1 2 0 . 7 6 4 7 1 ft 84709' 0 . 8 9 4 1 2 0 92941 - -
4 2000 0 8 8 6 0 8 ...0 8 9 8 7 3 0 . 9 1 1 3 9 ' ft 9 2 4 0 5 0 . 9 3 6 7 1 0 93671
4 2250  ... 0 90541 - 0 90541 0 . 9 1 8 9 2 : ft 9 3 2 4 3 0 . 9 3 2 4 3 0 9 3 2 4 3  :
4 2 5 0 0 ___ . 0 9 3 2 4 3 0 9 1 8 9 2 0 . 9 1 8 9 2 ft 9 1 8 9 2 0 . 9 3 2 4 3 0 9 4 5 9 5
4 2750-  . 0 9 3 3 3 3 -. 0 9 3 3 3 3 0 . 9 3 3 3 3 ft 9 3 3 3 3 0 . 9 3 3 3 3 0 9 3 3 3 3____ 4 3000 _.o 9 2 0 0 0 _. 0 9 2000 . . 0 . 9 3 3 3 3 ft 9 20 00 0 . 9 3 3 3 3 0 9 3 3 3 3
4 32 50-  - 0 9 2 2 0 0 9 3 5 0 6 0 . 9 3 5 0 6 - ft 9 2 2 0 8 0 . 9 3 5 0 6 0 9 4 8 0 5  -
4 3 500  . . 0 8 9 7 4 4 0 9 2 3 0 8 0 . 9 2 3 0 8 ft 9 3 5 9 0 0 . 9 4 8 7 2 0 9 4 8 7 2
4 3 750 0 8 3 1 1 7 0 9 2 2 0 8 0 . 9 2 2 0 8 ft 935 0 6 0 . 9 4 8 0 5 0 9 3 5 0 6
4 4000 0 7 14 29 0 883 1 2 0 . 9 2 2 0 8 ft 9 22 0 8 0 . 9 3 5 0 6 0 948 0 5
4 4250 0 526 3 2 0 8 0 2 6 3 0 . 8 9 4 7 4 ft 9 21 05 0 . 9 2 1 0 5 0 93421
4 4500. 0 2 7 0 2 7 0 60811 - 0 . 7 7 0 2 7 ft 8 7 8 3 9 0 . 9 1 8 9 2 0 9 1 8 * 2
4 4750  - 0 0 6 6 6 7 0 3 7 3 3 3 0 . 5 7 3 3 3 : ft 8 00 00 0 . 8 6 6 6 7 0 9 2 0 0 0  ^
4 5000 0 OOOOO . 0 1 2500 0 . 3 3 3 3 3 ft 6 25 0 0 0 . 7 6 3 8 9 0 86111
4 5 250 - 0 ooooo 0 0 2 7 7 8 0 . 1 9 4 4 4 0 4 7 2 2 2 0 . 6 3 8 8 9 0 791 67"
4 5500 0 OOOOO 0 OOOOO 0 . 0 8 5 7 1 ft 3 4 2 8 6 0 . 5 1 4 2 9 0 700 0 0
4 5750 0 OOOOO . 0 OOOOO 0 . 0 5 7 9 7 ft 2 6 0 8 7 0 . 4 2 0 2 9 0 608 7 0  _
4 6 000 0 OOOOO 0 OOOOO 0 . 0 4 4 1 2 ft 22059 0 . 3 2 3 5 3 0 5 0000
4 6250 0 0 0 0 0 0 - 0 OOOOO 0 . 0 4 4 1 2 ft 1 3235 0 . 2 5 0 0 0 0 3 9 7 0 6  -
4 650 0 0 0 00 0 0 0 OOOOO 0 . 0 4 4 1 2 ft 1 0 294 0 . 1 9 1 1 8 0 3 08 82
4 675 0 . 0 ooooo 0 030 3 0 0 . 0 4 5 4 5 ft 1 0606 0 . 2 1 2 1 2 0 3 6 3 6 4  -
4 7 000 0 ooooo 0 045 4 5 0 . 0 7 5 7 6 ft 1515 2 0 . 2 7 2 7 3 0 45939'L: 'CL \ 4 7 250  _ 0 OOQOO 0 0 6 1 5 4 0 . 0 7 6 9 2 ft 1 6923 0 . 2 7 6 9 2 ft 4461 5
4 7500 • 0 0 3 0 7 7 0 061 4 5 0 . 0 9 2 3 1 ft 1 8462 f t . 29231 0 4 615 4
4 7750 ■0 031 2 5 0 0 6 2 5 0 0 . 0 7 8 1 3 ft 171 8 7 0 . 2 9 6 8 8 0 4531 3.
4 8000 0 0 4 6 8 7 0 0781 3 0 . 1 0 9 3 7 ft 2031 2 0 . 3 2 8 1 3 0 4 84 3 8
4 8250  .. 0 031 7 5 0 0 4 7 6 2 0 . 0 7 9 3 7 ft 1 7460 0 . 2 8 5 7 1 0 4 60 32
4 8500 0 OOOOO 0 03279 0 . 0 4 6 1 8 ft 1 4754 0 . 2 6 2 3 f t 0 4 59 02
4 875 0 0 OOOOO 0 03279 - 0 .  03279 ' ft 11 475 0 . 1 9 6 7 2 0 3 77 05
4 9 0 0 0  .. ... 0 OOOOO 0 03279 0 . 0 3 2 7 9 _ ft 081 9 7 f t . 1 4 7 5 4 0 27869'
4 9 2 50 0 OOOOO 0 OOOOO 0 , 0 0 0 0 0 T ft 0 6 5 5 7 0 . 0 9 8 3 6 0 11311 _
4 9500„ 0 OOOOO 0 OOOOO 0 . 0 0 0 0 0 ft 033 3 3 0 . 0 6 6 6 6 0 1 0000
4 9 750 0 ooooo. . 0 OOOOO 0 . 0 0 0 0 0 0 OOOOO 0 . 0 0 0 0 0 0 03864 '  ^
5 000 0 0 ooooo 0 OOOOO 0 . OOOOO ft OOOOO 0 . OOOOO 0 OOOOO
CARBON DIOXIDE 2.7 MICRON BAND
24- 31 COg/Ng
4- 11 COg
250-255 COg
257-265 COg/CO
273-276 CO_/CO
278-285 COp
81- 87 COg
89- 93 C0/ N 2
112-117 CO2 .
170
RUN NO 2 4 25 26 27
TEMP K 2 9 3 2 9 3 2 9 3 2 9 3
?  ATMS 0 . 3 3 0 , 6 6 1 . 0 0 2 . 0 0
X . 0 , 5 0 0 . 5 0 0 . 5 0 0 . 5 0
L CMS *12 12 12 1 2
AB MCS 0 . 0 2 0 9 8 0 . 0 5 0 3 5 0 . 0 6 3 5 0 0 . 0 8 7 2 4
EB 0 ,  OOOOO 0 , 0 0 0 0 0 0 . 0 0 0 0 1 0 . 0 0 0 0 1
2 . 5 5 0 0 0 . 0 0 0 0 0 0 . OOOOO 0 . 0 0 0 0 0 0 . 0 0 0 0 0
2 . 5 7 5 0 0 . OOOOO 0 . 0 0 0 0 0 O. OOOOO 0 . 0 0 0 0 0
2 . 6 0 0 0 0 , 0 0 0 0 0 0 , OOOOO 0 . 0 0 0 0 0 0 . 0 0 0 0 0
2 . 6 2 5 0 0 , 0 2 0 0 0 0 , 0 3 0 4 1 0 . 0 4 0 6 1 0.0 4 0 0 0
2 . 6 5 0 0 0 . 0 8 7 9 0 _ 0 . 1 9 7 8 0 0 . 2 1 9 1 8 0 . 2 7 4 7 3
2 . 6 7 5 0 0 . 2 2 6 1 9 0 , 4 8 8 1 0 0 . 5 9 5 2 4 0 . 7 5 0 0 0
2 . 7 0 0 0 0 , 1 7 1 4 3 0 . 3 8 5 7 1 0 . 4 7 1 4 3 0 . 6 7 1 4 3
2 . 7 2 5 0 0 , 0 6 5 2 2 0 . 2 1 7 3 9 0 . 2 6 0 8 7 0 . 3 9 1 3 0
2 . 7 5 0 0 0 . 1 0 7 1 4 0 , 3 2 1 4 3 0 . 3 9 2 8 6 0 . 5 7 1 4 3
2 . 7 7 5 0 0 . 1 0 5 2 6 0 . 2 6 3 1 6 0 , 3 1 5 7 9 0 . 5 2 6 3 2
. 2 . 8 0 0 0 0 , 0 5 6 8 2  _ 0 . 1 1 7 6 5  . 0 . 1 7 6 4 7 0 . 1 7 6 4 7
2 . 8 2 5 0  . 0 . 0 0 0 0 0 0 . OOQOO 0 , 0 6 2 5 0 0 . 0 6 2 5 0
- 2 . 8 5 0 0 0 , 0 0 0 0 0  -- LO,OOOOO . . - O. OCÛOO O. OOOOO
RUN NO ... 28 29 3 0 31
TEMP K - . - . ... 2 9 5 2 9 3 2 9 3  . 2 9 3
P ATMS 4 . 0 0 5 . 0 0 7 . 0 0 9 , 0 0
X . 0 , 5 0 0 . 5 0  - 0 . 5 0 0 .  50
L CMS .... . 12 12 12 12
AB MCS:____ 0 . 1 1 4 1 8 0 , 1 1 9 9 9 - 0 , 1 2 7 4 4 0 . 1 4 1 2 9 '
E B ____ 0 ,  0 0 0 0 1 0 . 0 0 0 0 1 0 . 0 0 0 0 1 0 . 0 0 0 0 1
2 . 5 5 0 0 0 , OOOUO 0 . 0 0 0 0 0 O. OOOOO 0 , 0 0 0 0 0
2 . 5 7 5 0  . O . O O O O O - ... 0 , 0 0 0 0 0 - ..- - 0 . 0 0 0 0 0 0 . 0 0 0 0 0
2 . 6 0 0 0 0 , OOOOO O. OOOOO 0 , 0 4 0 8 2 0 . 0 9 1 8 4
2 . 6 2 5 0 0 , 0 5 0 0 0  _ 0 , 0 6 0 0 0 Û . 0 9 0 Ü 0 0 . 1 4 0 0 0
2 .  6 5 0 0 0 , 3 5 1 6 5 ..... 0 . 3 7 3 6 3 0 . 4 1 7 5 8 0 ,  4 3 9 5 9 '
2 . 6 7 5 0 0 . 0 4 5 2 4  ^ 0 . 8 4 5 2 4  — - 0 . 8 5 7 1 4 0 . 6 6 9 0 5
2 . 7 0 0 0 0 , 8 2 8 5 7 _ _ 0 . 6 2 8 5 7 0 . 5 7 1 4 5 0 , 9 0 0 0 0
2 . 7 2 5 0 0 . 6 3 0 4 3  - 0 . 6 7 3 9 1 0 . 7 3 9 1 3 0 . 8 0 4 3 9 '
2 . 7 5 0 0 0 , 7 1 4 2 9 0 , 7 5 0 0 0 0 . 7 5 0 0 0 0 . 8 5 7 1  4
2 . 7 7 5 0 0 , 6 8 4 2 1 0 . 6 8 4 2 1 0 . 7 3 6 6 4 0 . 7 3 6 8 4
2 . 8 0 0 0 0 , 4 1 1 7 6 0 . 4 7 0 5 9 0 . 4 7 0 5 9 0 . 5 8 8 2 4
2 . 8 2 5 0 0 . 0 6 2 5 0 0 , 1 2 5 0 0  ^ 0 , 1 2 5 0 0  .. 0 . 2 5 0 0 0
2 . 8 5 0 0 . 0 , 0 0 0 0 0 ___ O. OOOOO 0 . 0 0 0 0 0 0 , 0 0 0 0 0
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RUN NO U 5 6 7TEMP K 295 295 295 295P ATMS 0.55 0.66 1 .00 2.00X 1 .00 1 .00 1 .00 1 .00L CMS 12 12 12 12AB MCS 0.0UUU6 0.07421 0.09567 0.11855EB 0.00000 0.ooooo 0.00001 0.00001
2.550 0.00000 0.00000 0.00000 0.016152.575 0.ooooo 0.00000 0.00000 0.059552.600 0.00000 0.02860 0.02860 0.045712.625 0.0L598 0.06950 0.07470 0.097702.650 0.25466 0.40572 0.47200 0.527952.675 0.42466 0.68500 0.78770 0.885562.700 0.26550 0.46900 0.58440 0.754512.725 0.25550 0.58700 0.48000 0.626672.750 0.54100 0.52270 0.65651 0.750002.775 0.18750 0.51250 0.55227 0.625002.800 0.01571 0.02400 0.21400 0.250002.825 0.00000 0.00000 0.05440 0.107142.850 0.00000 0.00000 0.00000 0.071452.875 0.00000 0.00000 0.00000 0.000002.900 "0.00000 0.00000 0.00000 0.00000
RUN NO 8 9 10 11TEMP K 295 295 295 293P ATMS 5.00 5.00 7.00 9.00X 1 .00 1.00 1 .00 1.00L CMS 12 12 12 12AB MCS 0.12755 0.13765 0.14334 0.15654EB 0.00001 0.00001 0.00001 0.00001
2.550 0.01613 ' 0.03226 0.00000 0.000002.575. 0.02825 0.03955 0.02825 0.028252.600 0.02857 0.05714 0.04000 0.06286
2.625 0.09770 0.13793 0.16092 0.212642.650 0.54057 0.59627 O.6I49I 0.65217
2.675 0.89041 0.90411 0.91096 0.917812.700 0.79646 0.85841 0.90265 0.91726
2.725 0.70667 O.8I353 0.84000 0.860002.750 0.75000 0.84091 0.84300 0.875452.775 0.65625 0.71875 0.77875 0.802502.800 0.35714 0.46429 0.50429 0.542662.825 0.10714 0.14286 0.21429 0.250002.850 0.07143 0.00000 0.07143 0.071432.825 0.00000 0.00000 0.00000 0.000002.900 0.00000 0.00000 0.00000 0.00000
172
RUN NO 250 251 252 254 255TEMP K 295 295 293 293 293P ATMS 1 .00 2.00 3.00 4.00 6.00X 1 .00 1 .00 1 .00 1 .00 1.00L CMS 12 12 12 12 12AB MCS 0.08816 0.11024 0.11627 0.12866 0.13900EB 0.00000 0.00001 0.00001 0.00001 0.00001
2.550 0.00000 0.00000 0.00000 0.00000 0.000002.575 0.02915 0.04854 0.00000 0.00000 0.067962.600 0.04854 0.05825 0.05825 0.06796 0.087382.625 0.07921 O.IO89I 0.11881 0.14851 0.178222.650 0.45478 0.47826 0.51087 0.53261 0.576092.675 0.74699 0.83133 0.85542 0.86747 0.879522.700 0.61765 0.73529 0.79412 0.83824 0.882352.725 0.48889 0.64444 0.68889 0.73333 0.77778 .2.750 0.57692 0.69231 0.69231 0.73077 0.769232.775 0.45000 0.60000 0.60000 0.65000 0.650002.800 0.17647 0.23529 0.29412 0.29412 0.411752.825 0.00000 0.06250 0.06250 0.12500 0.187502.850 0.00000 0.00000 0.00000 0.11765 0.11765
RUN NO 275 274 275 276TEMP K 295 293 .293 293P ATMS 6.00 4.00 2.00 0.66X 0.50 0.50 0.50 0.50L CMS 158 158 158 158AB MCS 0.21555 0.18214 0.15667 0.12600EB 0.00001 0.00001 0.00001 0.00001
2.500 0.06585 0.02083 0.00000 0.000002.525 0.13043 0.03913 0.01384 0.011742.550 0.20379 0.09479 0.03318 0.023702.575 0.27551 0.16327 0.07143 0.015312.600 0.31443 0.19072 0.07732 0.020622.625 0.44388 0.28571 0.17347 0.086732.650 0.74157 0.62921 ^.53933 0.460672.675 0.93210 0.907L1 0.88889 0.858022.700 0.94776 0.92537 0.90299 0.805972.725 0.91011 0.88764 0.85393 0.696632.750 0.84906 0.83019 0.83019 0.735852.775 0.80000 0.77500 0.72007 0.675002.800 0.75000 0.69444 0.63889 0.416672.825 0.65714 0.54286 0.37143 0.257142.850 0.36364 0.21212 0.12121 0.057142.875 0.20000 0.05714 0.02857 0.000002.900 0.16667 0.02778 0.00000 0.00000
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RUN NO 2 5 7 2 59 2 6 0 261
TEMP K ....... 2 9 3 2 9 3 2 9 3 2 9 3
P AT Mb . 2 . 0 0 6 . 0 0 . 4 , 0 0 3 , 0 0
X 0 , 5 0 0 . 5 0 0 . 5 0 0 , 6 6
L CMS 12 12 12 12
AB MCS 0 , 0 9 0 9 7  . 0 . 1 2 4 3 0 0 , 1 1 2 9 9 0 , 0 9 9 1 8
EB 0 , 0 0 0 0 1  _ 0 . 0 0 0 0 1 0 , 0 0 0 0 1 0 , 0 0 0 0 1
2 . 5 5 0 0 0 , OOOOO O. OOOOO 0 , 0 0 0 0 0 0 . 0 0 0 0 0
2 . 5 7 5 0  . 0 , 0 0 0 0 0 0 . 0 0 0 0 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0
2 .  6 0 0 0 0 , 0 4 0 0 0 0 . 0 8 0 0 0 0 . 0 3 0 0 0 0 . 0 5 0 0 0
- - 2 . 6 2 5 0  _ 0 , 0 8 0 6 1 0 . 1 4 1 4 1 - 0 , 1 0 1 0 1 0 . 1 0 1 0 1
. 2 . 6 5 0 0 0 . 4 3 1 8 2 0 . 5 0 0 0 0 0 . 4 6 5 9 1 0 . 4 6 5 V 1
2 . 6 7 5 0 0 . 7 9  4 8 7 0 . 8 4 6 1 5 0 . 8 3 3 3 3 0 . 8 3 3 3 0
2 . 7 0 0 0 0 . 6 4 0 6 3 0 , 8 1 2 8 5 0 . 7 5 0 0 0 0 , 7 5 0 0 0
- 2 . 7 2 5 0 . 0 , 4 7 6 1 9 _ _ - 0 . 7 1 4 2 9 - 0 . 6 1 9 0 4 0 . 6 1 9 0 5
_ 2 . 7 5 0 0 0 . 5 7 6 9 2 0 . 6 9 2 3 1 0 . 6 9 2 3 1 0 . 6 5 3 8 5
- - Z . 7 7 S 0 — — ._ 0 , 4 7 3 6 8 - 0 . 6 3 1 5 8 0 , 6 3 1 5 8 - - 0 . 2 5 6 3 2
2 .  8 0 0 0  __ 0 . 1 1 7 6 5 0 . 3 5 2 9 4 0 . 2 3 5 9 2 0 . 2 9 4 1 2
-  2 . 8 2 5 0  :7 0 .  0 0 0 0 0 j _ 0 .  1 7 6 4 7 - ^ - 0 . 1 1 7 6 5 - 0 . 0 5 8 8 2
_ 2 . 8 5 D 0 O . O O O O O _ - O. OO OOO - O. OOOOO 0 . 0 0 0 0 0
7 - RUN NO. 7 7 7 -  2 6 2 — 2 6 3 r ~  2 6 4 2 6 5
- T E M P  K ____ ______ 2 9 3 ____  2 9 3 ______ 2 9 3 2 9 3
' P ATMS - 6 . 0  0 8 , 0 0 3 . 0 0 6 . 0 0
X 0 .  6 6 0 , 6 6 0 . 3 5 0 . 3 3
- L CMS 12 12 1 2 1 2
AB . MCS 0 .  1 2 7 0 4 _ _ -  0 . 1 3 9 4 8 0 . 0 9 3 2 7 0 . 1 1 2 6 7
-  E B ‘ - -—  - “ - - " -. 0 , 0 0 0 0 1 0 . 0 0 0 0 1 0 . 0 0 0 0 1  - 0 , 0 0 0 0 1
7 r 2 , 5 S 0 0 ~ " 7 7 : : o ,  o o o o o _ . .^ D.  OOOOO " o . o o o o o  - " 0 . OOOOO
. 2 ,  575 ( )  _ o . oo o o o -  0 .  0 0 0 0 0 0 . 0 0 0 0 0 0 , 0 0 0 0 0
- 2 , 6 0 0 V 0 , 0 5 0 0 0 - 0 . 4 0 0 0 0 0 , 0 1 0 0 0 0 . 0 5 1 7 1
_ 2 . 6 2 5 0 0 , 1 2 1 2 1 0 . 1 4 1 4 1 0 . 0 7 0 7 1 0 . 1 1 1 1 1
2 . 6 5 0 0 0 . 5 2 2 7 3 0 , 5 3 4 0 9 0 , 4 3 1 8 2 0 . 4 7 7 2 7
2 . 6 7 5 0 0 . 6 7 1 7 9 0 . 8 5 8 9 7 0 , 7 9 4 8 7 0 . 8 4 6 1 5
2 . 7 0 0 0 0 , 8 2 8 1 3 0 . 8 5 9 3 8 0 , 7 0 3 1 3 0 . 7 6 1 2 5
2 . 7 2 5 0 0 , 7 3 8 1 0 0 . 7 8 5 7 1 0 . 5 2 3 8 1 0 . 6 6 6 6 7
2 .  7 5 0 0  ' 0 , 7 3 0 7 7 - 0 , 7 6 9 2 3 0 . 6 5 3 8 5 0 . 6 9 2 3 1
. 2 . 7 7 5 0 0 , 6 3 1 8 5 0 . 6 3 1 5 8 0 . 4 2 1 0 5 0 . 5 7 8 9 5
7 7 2 . 8 0 0 0 0 , 4 1 1 7 6 - 0 .  4 7 0 5 9  - . 0 , 1 7 6 4 7 0 . 2 3 5 2 9
. 2 , 8 2 5 0 0 . 1 7 6 4 7 0 , 2 3 5 2 9 0 , 0 0 0 0 0 0 . 0 5 8 2 5
_ 2 .  8 5 0 0 : 7 0 , 0 0 0 0 0 0 . 0 5 8 8 5 - O. OOOOO 0 , 0 0 0 0 0
17U
RUN NO 278 279 280 281TEMP K 295 295 295 295P ATMS 0.55 0 . 6 6 1.00 2.00X 1.00 1 .00 1.00 1 .00
L CMS 158 158 158 158
AB MCS 0.099L0 0.12762 0.15908 0.16252
EB 0.00001 0.00001 0.00001 0.00001
2.500 0.00000 0.00000 0.00000 0.000002.525 ' .0.00000 . 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.000002.550 0 . 0 0 0 0 0 .0.00000 0.00000 0.000002.575. 0.00000 0.00000 0 . 0 0 0 0 0 0.081652.600 0.01577 0 .0 0 0 0 0 0.01546 0.087652.625 0.01100 0.08612 0.20714 0.198982.650 0.58202 0.45506 0.50000 0.589892.675 0.77778 0.86420 0.87654 0.695062.700 0.67164 0.85090 0.86567 0.925572.725 0.55955 0.75054 0.85146 0.898882.750 0.64151 0.77558 0.79245 0.811522.775 0.52500 0.67500 0.70000 0.750002.800 0.50556 0.41444 0.58555 0.666672.825 0.14286 0.20145 0.51429 0.457142.850 0 . 0 0 0 0 0 0.06050 0.08050 0.18182
2.875 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0.085712.900 0 . 0 0 0 0 0 0.00000 0.00000 0.00000
RUN NO 282 285 284 285TEMP K 295 295 295 295P ATMS 5.00 4.00 7.00 10.00
X 1.00 1 .00 1 .00 1.00
L CMS 158 158 158 158
AB MCS 0.17855 0.18464 0.20807 0.22252EB 0.00001 0.00001 0.00001 0.00001
2.500 0.00000 0.00000 0.00000 0.000002.525 0.05048 0.00000 0.02609 0.048952.550 0.06161 0.04759 0.09955 0.086952.575 0.10714 0.12755 0.19588 0.194042.600 0.14455 0.16495 0.50412 0.599282.625 0.26020 0.52145 0.52551 0.712862.650 0.64045 0.68559 0.81461 0.855212.675 0.90125 0.91975 0.92595 0.958272.700 0.95284 . 0.95757 0.9L557 0.950282.725 0.88764 0.89888 0.91011 0.920482.750 0.85019 0.85552 0.84906 0.661562.775 0.75000 0.76500 0.77500 0.776002.800 0.72222 0.74444 0.77778 0.78102
2.825 0.57145 0.57145 0.64145 O.681712.850 0.24242 0.27275 0.42424 0.48485
2.875 0.08571 0.08571 0.17145 0.182862.900 0.00000 0.02778 0.00000 0.00000
175
RUN NO 81 82 85 84 85 86TEMP K 900 900 900 900 900 900P ATMS 0.55 0.66 1 .00 2.00 5.00 9.00X 1 .00 1.00 1.00 1.00 1 .00 1.00L CMS 12 . 12 12 12 12 12AB MCS 0.02128 0.04877 0.06844 0.12556 0.17152 0.19271EB 0.00146 0.00555 0.00472 0.00862 0.01196 0.01546
2.600 0.00000 0.00000 0.00000 0.00000 0.00000 0.057752.625 0.00000 0.00000 0.05570 0.08957 0.08950 0.107002.650 0.09500 0.20620 0.27840 0.47425 O.6I86O 0.587602.675 0.14120 0.54120 0.50590 0.77655 0.89410 0.905902.700 0.16880 0.55060 0.51950 0.77901 0.87000 0.909002.725 0.09620 0.25000 0.41180 0.69250 0.88500 0.885002.750 0.05820 0.25800 0.29000 0.58060 0.80650 0.859002.775 0.04550 0.09090 0.22750 0.50000 0.72750 0.775002.800 0.17401 0.50400 0.54700 0.60860 0.75910 0.782602.825 0.00000 0.00000 0.15800 0.56840 0.57890 0.684202.850 0.00000 0.00000 0.00000 0.19056 0.59000 0.590002.875 0.00000 0.00000 0.00000 0.00000 0.28570 0.555552.900 0.00000 0.00000 0.00000 o.ooooo 0.22750 0.272722.925 0.00000 0.00000 0.00000 0.00000 0.08670 0.08670
RUN NO 87 89 90 91 92 95TEMP K 900 900 900 900 900 900P ATMS 9.00 2.00 4.00 6.00 8.00 10.00X 1 .00 0.50 0.50 0.50 0.50 0.50L CMS 12 12 12 12 12 12AB MCS 0.20171 0.10287 0. 15842 0.17628 0.19556 0.20274EB 0.01406 0.00704 0.01106 0.01250 0.01562 0.01416
2.6002.625
2.650
2.6752.700
2.7252.750
2.7752.800
2.8252.850
2.8752.900
2.925
0.05775 0 .16076' 
0.60854 0.91768 0.95501 0.90582 
0.85907 0.77500 
0.78265 0.68420 0.65650 
0.42860 
0.51820 
0.08670
0.000000.01840
0.559770.606040.608000.65456
0.658770.516060.55946
0.518640.056550.000000.000000.00000
0.000000.075500.519000.82600O.815OO0.810000.785000.698000.640000.500000.50000
0.227090.150070.00000
0.000000.092270.576670.905540.912540.887650.858810.78946
0.74005 0.54666 0.50000 
O.5I8O8 0.17560 0.00000
0.089400.11950
0.625050.905540.945000.924000.910000.789000.740000.682000.50000
0.272770.217440.04766
0.089440.128550.651660.925010.955000.924000.910000.880000.800000.682000.52400
O.5I8OO0.217400.04760
176
RUN NO 112 115 114 115 116 117TEMP K 1200 1200 1200 1200 1200 1200P ATMS 0.66 1.00 2.00 5.00 7.00 9.00X 1 .00 1 .00 1 .00 1.00 1 .00 1 .00L CMS 12 12 12 12 12 12AB MCS 0.05199 0.05760 0.08755 0.12575 0.15866 0.16158EB 0.02207 0.04110 0.06075 0.08612 0.09620 0.11511
2.550 0.00000 0.ooooo 0.ooooo 0.OOOOO 0.00000 0.OOOOO2.575 0.00000 0.00000 0.00000 0.00000 0.05176 0.065642.600 0.00000 0.00000 0.00000 , 0.08214 0.10256 0.145172.625 0.00000 0.00000 0.05556 0.15902 0.16571 0.267912.650 0.17250 0.22794 0.28072 0.58979 0.59020 0.657552.675 0.29958 0.42725 0.52870 0.65295 0.68468 0.755072.700 0.28267 0.41949 0.51878 0.65990 0.68609 0.750762.725 0.19614 0.58748 0.47429 0.62181 0.67042 0.754602.750 0.09555 0.25854 0.59505 0.47165 0.52955 0.628742.775 0.09494 0.27117 0.52000 0.54182 0.57552 0.614682.800 0.14554 0.52297 0.48975 0.59518' 0.65562 0.645582.825 0.08904 0.22774 0.59655 0.46758 0.50520 0.612612.850 0.00000 0.05170 0.09576 0.76549 0.21099 0.504592.875 0.00000 0.00000 0.05888 0.09752 0.12795 0.191542.900 0.00000 0.00000 0.00000 0.04474 0.07414 0.117582.925 0.00000 0.00000 0.00000 0.00000 0.04129 0.087592.950 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
■CARBON DIOXIDE 2.0 MICRON BAND
u- 11 COg
23- 30 COg/Ng
61- 67 COg
SU- 87 COg
250-255 COg
257-265 00g/c0
273-277 00g/c0
278-285 COg
I
178 I
.. '
KUW NU ...... 4 5 h 7
2%3 . . .  2 9 3 2 0 3
■■ P ATMS 0 .  53. O . h ü 1 . 0 0 2 . 0 0
X "• ■ ; i ' l l  . 0 0  ^ 1 . 0 0  . 1 /  GO 7 7  1 . 0 Ç
• L CMS 1 2 ..... . 1 2 12 1 2
AM MCS 1), 0 0 3:5 9 0 . 0 0 5 9 2 0 / 0 0  7 4 9  . 0 / 0 1 4 3 5
F I ) , 0 0 f. V 0 G / o o n o o n /  Û n 0 0 0 0 /  n 0 n 0 n
1 . 8 5 0 0 {) , ti Cl (■'('(> (i /  0 n 0 ( 1 ' I 0 . OOfUiO 0 / 0  0 0 0 0
l . n f S O 0 , 0 ( < 0 Ù r : n ;  0 0 iii, u 0 . fi 0 0 0 0 0 / 0 0  DO0
1 . p u o o 0 , n o (>0 0 0 ■/ 0 n 0 (1C) n . 0 0 0  0 0 /  0 0 0 0 0
i ; % z 5 o n . 0 l f ; 5 0 0 . C 2 6 5 0 0 /  0 2 6 6 0 0 / 0 5 2 2 3
i . u s o n 0 , ( 13141 0 . 0 4 2 2 9 O . G 5 2 3 0 0 / 0 7 2 7 . 3
1 . 9 7 5 0 0 . 0 3 1 5 6 0 / 0 6 3 0 7 0 / 0 7 9 U 7  _ 0 / 1 4 1 4  6
2 / 0 0 0 0 0 . 0 5 1 9 0 0 / 0 4 8 0 3 0 . 0 6 4 1 7 0 / 1 5 3 4 4
: / 2/o%M50 0 / 0 3 9 1 7 0 . 0 5 2 1 6 7 0 / 0 7 6 2 5
2 . 0 5 0 0 0 , 0 0 0 0 0 0 / 0 1 1 5 7 Û . 0 1 7 2 3 0 / 0 4 3 R K
; _ 2 . 0 7 5 0 0 , OOOOO ‘ O/ DOOoO d / o r - c . o o 0 . 0 2 5 6 1
2 / 1  0 0 0 0 . o o o o o 0 /  of iCOO 0 . 0 0 0 0 0 0 / n o o n o
2 . 1 2 5 0 !, ,  Û 0 0 (; 0 O. OOOOO n /  0 0 0 0 0 0 . 0no no
2 . 1 5 0 0 o . o o o o o o / o r » oo u 0 . o o o o o 0 / o o o o o
KUri . NO o - i r  9 . 10 - 7  . :.. 11
Tt-:hP K 29 3 2 9 3 ?0 3
P ATMS 5 .  00  : ' 7 / 0 0 : \  9 . 0 0
X 1 / OG I . O w 1 / 0 0 1 . 0 0
L CMS 12_v^: 12 12 1 2
AO MCS 0 . 0 1 9 0 9 0 . 0 2 Ü 0 2 0 . 0 3 7 0 6 0 / 0 4 2 9 5
Eh Ü , 0 0  0 00  7 / o / o n o o o n . o n o o o _ . . _ 0 / 0 0 0 0 0
1 / 8 5 0 0 O. OOOOO 0 / 0 0 0 0 0 f t / OOOOC o / n o Q o o
1 . K 7 5 0 0,01") 0 0 r 0 . 0 0 0 0 0 r, /  0 0 n 0 0 0 / 0 0 0 0 0
1 . 9  MOO 0 ,  0 0 0 0  0 0 / 0 2 2 1 0 0 . 0 2 1 0 0 0 / 0 2 2 6 0
1 . 9 2 5  0 0 , 0 n /. ( ' 5 C / I  0 9 RM 0 / 1 3 6 0 0 0 . 1 7 0 8 0
1 . 9 S 0 0 0 . 1 1 1 0 1 0 / 1  f. 2 46 0 . 2 1 0 0 0 0 / 2 5 1 9 0
1 / 9 7 5 0 0 , 1 8 5 2 6 0 / 2 6 4 2 1 n . 3 3 4 7 0 0 . 3 7 S 5 7
2 / n n o o 0 , 2 1 3 6 4 0 / 3 1 9 8 7 0 . 4 0 0 1 7 0 / 4 5 4 8 ?
2 / n 2 5 0 0 . 0 ^ 9  78 0 / 1 5 0 9 9 0 . 2 1 1 2 2 0 . 2 4 1 1 1
2 . 0 5 0 0 0 , 0 5 6 A 8 0 / 1 0 2 5 6 0 . 1 3 % 4 5 0 / 1 6 6 9 3
2 .  0 7 5 0 0 , 0 3 2 4 7 0 / 0 3 0 1 3 0 . 0 3 5 1 0 0 . 0 4 9 9 3
2 / 1 0 0 0 0 , <■> 0 0 0 0 O/ OOOGO 0 . 0 ? n 0 0 0 /  0 0 0 0 0
2 . 1 P 5 0 0 , O' 0 n 0 0 0 / O 0  0(<0 0 . f) n 0 0 0 0 . 0 0 0 0 0
2 / 1 5 0 0 0 , 0 0 0 0 0 0 /  0 0 Ü 0 0 0 . o o o o o 0 / 0 0 0 0 0
179
Hl i t ;  Ml) ' K S ' 2 4 25 26
T p f i P  K 2 9 3 2 9 3 2 9 5 2 9 3
P ATMS G . 3 3 0 , V 6 1 / 0 0 ? .  00
X . .......0 . 5 0 . 0 . 5 u 0 / 5 0 0 /  5 0
L r.MS 12 1 2 1 2 1 ?
AM MCS . 0 , 0 0 1 n 0 0 . 0 0 2 4 1 0 . 0  0 2 4 1 0 /  00  73 r>
En 0 , n o n u o 0 . o o o n o u . 0 0 0  00 0 /  0 0 0 0 G
1 . r>5n0 V , ('.(HM'iu 0 /  0 0 0 V u 0 . (>00(10 0 /  f) n 0 0 0
1 / 8 7 5 0 0 , 0  f ) 0 CO o / o o o n u {> /  0 c> n 0 0 O/ OOOOO
1 /  VnOO 0 , (■» 0 0 {/ G/ 0 . '(}( '001'j r, .000 0 0 0 . n o o o  0
1 . P 2 5 D  . - 0 . 0  0 0 0 0. 0 / o o o o o 0 /  0 0 0 0 0 0 / 0 1 9  42
1 . PSOO 0 , 0 0 0 0 0 0 . 0 0 Of.I! 0 . u 0 0 0 0 0 / 0 2 3 R S
_ 1 / 9 7 5 0  . u ,01005 0 / 0 2 8 5 7 0 , 0 2 8 5 7 0 / 0  48  6 2
2 / O O 0 0 0 , 0  1 8 5 7 0 / 0 4 7 0 2 0 / 0 4 7 6 ? 0 . 0 R 5 7 1
, ï  . 7._ 2 / 0 2 5 0 - - - 0 .  01 0 0,0 0 / 0 1 9 0 0  . 0 . 0 1 9  80 0 / 0 4 9 5 02.0500 0 , 0 0 0 <i 0 0 /' 0 0 0 0 0 0 . 0 0 0 0 0 0 / 0 3 0 9 3
2 . 0 7 5 0 0 , 0 0 0 Ü 0 O/ OOOCO 0 . 0 0 0 0 0 0 / 0 ? 8 5 f
2 / 1 0 0 0 0 , o o o o o 0 / o o o o o 0 . 0 0 0 C) 0 O. OOOOO
2 / 1 2 3 0 - 0 , 0 0 0 0 0 0 / o o o o o 0 , o v n o n 0 / 0 0 0 0 0
—- - - -  ■
2 / 1 5 0 0 0 , OOOUO 0 / 0 0 0 0 0 ( Î . on  000 o / o o o o o
— . . . . . .  ...... RUN NO 2 7 : ;  ; 29 3 0
TEMP K 2 9 3 2 9 3 2 9 3 2 9 3
P ATMS ■ 7 ^  0 . 00 5 . 0  0 7 / 0 0 9 , 0 0
X Ü . 5 0 0 , 5 0 0 / 5 0 0 . 5 0
. . .  L CMS 12  : : 12 . - 12 1 2
AO MCS 0 , V I  s o n 0 / u 1 % 6 d 0 / 0 2 5 7 6 0 / 0 3 3 8 9
' EM . O. ÛOOÜG G / o o o n n 0 . OOOOO _ 0 / 0 0  00 0
l . ü S O ü « , 00000 0/0 0000 ; ; 0 . 0 0 0 0 0 0 /  0 n 0 0 0
1 / 8 7 5 0 0 , V 0 0 0 0 O/ üOOOM 0 . 0 0 0  (! 0 0 '/ OOOOO
1 / POOO 0 . uOOOQ O/ OOQOO/ 0 . 0 0 Ô 0 0 0 / 0 2 1 8 0
1 . 9 2 5 0 0 .  0 3 8 0 3 0 / n 5 % Z 5 V . 0 8 7 5 8 0 / 0 9 7 0 93:77:' ; 1 / 9 5 0 0 0 , 07 ,>92 0 / 0 8 6 5 4 0 / 1 4 4 2 3 0 / 1 R 2 6 9
1 . 9 7 5 0 0 . 1 1 4 2 9 0 / 1 5 2 3 5 0 . 2 0 0 0 0 0 / 2 5 4 7 4
2 . 0 0 0 0  - 0 . 1 0 0  95 0 . 2 1 9 0 5  : 0 / 3 0 4 7 6 0 / 3 S 2 3 S
2 . 0 2 3 0 U.  OG-9 01 0 . 1 2 B 7 1 n / 1 6 % 5 2 0 / 2079?
r ' 2 . 0 5 0 0 0 . 0 0 1 0 6 0 / 0 8 2 4 ? 0 / 1 3 4 0 ? 0 / 1 4 4 3 3
2 . 0 7 5 0 0 , 0 3 8 1 0 0 / 0 2 7 1 4 0 . 0  5 5 7 1 0 / 0 9 5 2 42/1 r.-00 0), 0 0 0 0 0 o / n o o o o 0 /  0 0 n 0 0 0 /  n ? 2 0 0
2 . 1 2 5 0 0 ,  ( lOO VO 0 / 000 0 0 o . o n n 00 0 / 0 0 0 0 0
2 . 1 5 0 0 0,00000 0/00000 D /  0 0 n V 0 o / o o o o o
180
HIM, NO 01 62 63 6 4THMI» t; 293 29 2 293 29 2P ATMS r/33 0. (.6 1 / 0 0 2,0 0
X 1 . 00 1 . 0 0 1 / 0 0 1 .00L CMS 1 5o ■ 1 56 158 156AG. MCS <1,01 A 4 (, 0 02587 0.03726 0 . 0 M  6 2
th 0 , 01) 0 0 0 (; ('0 too 0 . 0000 0 Û / 0 0 0 0 0
1/6500 0 , 0 0 V 0 f’ 0 0 0 0 n (1 0 /OOOOO 0 / 0 0 n n 01/«750 {), G ‘ • 0 0 n 0 OOOOO 0,00000 0/00 n 0 01 . 9 0 0 0 0.0 n 0 (' 0 0 0 0 0 0 0 0 . 0 0 0 0 0 o.ooooo1/9250 0,02401 0 06133 0/08910 0/1266?
1/9 5 00 0, ('6 5 42 0 1 4007 n/20711 0.392231 .9750 0.102 7? 0 1 %65% 0.27293 0.405422 .nooo 0.15407 0 27044 0/40271 0/SR3722/0250 0.13502 0 22 501 0.27152 0/414022.0500 0,12113 (* 1 8654 0.24602 0/40 8112/0750 n , f'O 0 0 0 0 Owor.u 0/05937 0/1413?
2/1000 0 , 0 0 0 0 0 0 nOuOo 0 / 0 0 f) 0 0 0"0636?2/1250 0 , 0 0 0 0 n 0 0 G 0 0 0 0 /OOOOO 0/037622/1500 0 ,0 n 0 Ü 0 0 nooo 0 0 . 00 01/0 O/OOOOO
K!IN flO TCMP K P ATMS 
X .
L • CMS AO,MCS 
Ei;
1/A50U1/67501 . P 0 0 U1.0250 1 ;p5oo1.9750Z.noOO
2.0 25 0  
2/Ù500 
2 /0750  2/1000 
2 /1250  
2 .1500
65 66 6 7 2 5 0293 703 ?93 2935.0 0 7 . 0 0 m / o n .... 1.007^/00 : 1,00 1/00 1.00
1 5(1 1,5 n 15 8 1 ?G9363 n/in%72 0/12453 n/00787(njORO 0 . ( 50000 0 . OOOOO 0 /noon 0
CmuTOO “ O/oOOOli n . 0  0 0 0 0 0 /  n 0 0 0 r,(! 6 n 0 (} o/oonov 0 / 0 L 3 f • n Û /  n 0 0 0 n
0 21 0 7 0/0 5102 r.10111 0 / nnooo1"023 0 / 2 4 0 0 5 0 , 3 6 2 1 2 0 / 0 2  82  5
41 6 4 4 0 . 5 8 4 3 1 0 , 6 1 0 0 3 ■ 0 . 05169
5 6 6 8 1 0 / 6 2 1 2 3 0 /6<S0(;4 0 / 0 6 ) 6 658923 0 / 6 3 2 4 2 0.8 0 5 0 4 0 / 0 7 0 6 )
7 2 4 0 2 0 / 7 6 5 0 2 0 / 7 8 4 1 c D / 0 4 8 2 1
6 2 3 6 3 0 .  69 6 ('• 1 0 . 7 6  421 0 / 0 2 5 3 )
2 8 2 4 1 0 / 3 6 6 2 3 0 . 4 0 3 2 1 0 / 0 1 723
2 6 5 5 3 ' 0 / 3 2 7 6 4 0 . 3 6 0 0 0 0 . 0 0 0 0 0
0 7 8 0 2 0 / 1 0 9 8 5 0 . 1 4 3 7 1 o/nnoon03761 U / 0 5 4 0 1 0/07162 O.nn000
181
R ; ! U N 0 251 252 ?53 255TEMP K 293 29 3 2?3P ATMS 2.00 3,00 4/60 6 .0 nX 1 .00 1,00 n /(,0 1.00L r.:is 1 ?. 1 ? 1 2 1 ?Ali MCS u.01323 0/61713 u/02382 0 '/ 0 3 4 4 5
-— E[> {>, 0 0 0 0 0.00000 6 . 0 (• 0 0 0 0 '/ 0 0 0 n r
1 :R500 n , < 10 0 0 0 o'/nnooo 0.0600 0 0'/00 00 0
1 .h/50 0 » 0 (■) 01; 0 0’/0 0 00 0 0 /1)000 0 0 ■/ 6 0 0 n 01 ; 9 (• 0 0 . Ooooo 0 / 0 f' 0 01'l 0/02018 0/63 77?1.9250 0 , 03 6 9(1 0/05435 n . 0 a 0 4 3 0/123311.9500 0.07712 0/09407 0/13643 0/175811.9750 . o.i:-:(.94 0 /I 6368 o/21493 0/2R333? / 0 n 0 0 0.1310 3 0 /lR?7t 6.23448 0/357312/0250 0 , (' r, 5 9 3 0 .'101 ?n 6.13751) 0/200002.nbOO 0,0509? 0 0hfioy 6.08761 0.1 3349'2/0 750 0.02562 o.o?r-f‘2 0.0 42 44 0/05)24
2/1000 II, 0 0 0 0 c O/noCiCi) 6 . 0 0 0 0 0 0/02500
2/1250 0 , 0 0 00 G . 0 (.i 0 0 0 0 . 6 fi 0 6 0 0700 on 02.1500 0, MO(,0 0 0 . (,00 (>t) 0 /OOn (' 0 0 ’/ n 0 0 0 n
- RUN NÜ 84 05 86 87
T r M r R y 0 0. 9 (', c. 9 0 0 90 0
P AT.-1S 2/00 . 5.60 7/00 10.0 0X 1/00 1 .00 1 / 0 0 1 /oo
L CMS . _ .12 12. - 12 12AT; MCS n .00604 Ü/012RÜ 6 '/ 01 5 81 0/02183
eu o,oonc»5 0 /CiOl 40 6/00173 0/0023)
C:^'- - - T -, ■ ;-• 1/G50&: / 0,0 6 000 O'/0OO0(j 6.0 0 0 0 0 0700 000
1.8750 0.00006 0 ■/ 0 0 0 0 P 0. 0 0 0 0 0 0 7 0 0 0 0 0
1.90UO . Ü,0O0UÜ o.n(,oO() n . 0 0 0 0 0 0702)511.9250 0.0 2 470 0/0 3022 0.03682 0/050001/9500 0.03571 0.03571 0.03 0 C> 0 07073411.0750 Û.035ZO 0/C95ÜÔ 0.11431 0/12683
2.nooo : 0,05001 0/12143 0/15431 0/214722/025G 0,065/0 0/1 1680 0.1387? 071A9R22.0500 0,0255? 0.04653 6/05421 0/085112.0750 0 . OOtUîO 0/03521 0.05527 0/0R2272/10Ü0 0 , 0 0 0 0 0 0/0 6000 6.60 000 Û/03000
2/1250 0,00000 0'/0 600 0 O . o o o o o o / ' o n o o o
2/1500 o . o o o o o n.60000 ; 0/00000 o / ' o o o o n
...
182
Riif. Hf) . 2 5 7 25% 2 5 9 261
T F h P  i; 2 9 3 29% 2 9 3 2 9 3
P ATMS 2 . 0 0 4 , n u 6 : 0 0 3 ; 0 r.
A 0 . 5 0 0 . 5 1. 0 : 5 0 0 . 6 s
L CMS : _ 12 1 2 12 1 2
A n c s 0 . < ; r. 8 5 A 0 ; o l 4 7 2 0 . 0 1 X 0  8 0 : 0 1 9 5 6
El:. 0 , 0 0 0 0 0 0 : 0 0 0 0 0 0.0 0 0 n 0 0 : 0 0 0 0 0
— ...... .. i ; % 5 0 0 0 » (/ 0 (] 0 0 0 :  0 0 0 n 0 . 0 0 0 0 0 0 : 0 0 0 0 0
1 . K 7 5 0 0 . 0 0 0 0 0 0 : 0 0 0 0 0 0 : n 0 0 0 0 0 :  0 0 0 0 0
.1 ; y o ( ) 0  . . 0 , 0 0 0 0 0 u . 0 0 0 0 0 0 : 0 0 iT 0 0 0 : 0 0 0 0 0
1 . 9 / 5 0 0 , 0 2 7 7 o 0 : 0 3 7 0 4 0 . Û S S 5 6 0 ; 0 Ô 4 a 1
v ; p 5 o o  , . 0 , 0 0 5 4 5 C . 0 7 2 7 3 0 . 1 0 3  09 0 . 1 1 0 9 1
1 . 9 7 5 0 0 , 0 7 3 3 9 o ; i 3 7 o 1 0 . 1 7 4 3 1 0 : 1 3 7 6 1
2 : 0 0 0 0 0 , Of)1 74 0 : 1 4 5 1 4 0 : 2 0 1 8 3 0 : 1 6 5 1 4
2 . 0 ? 0 0 0 , 04% 0 r, o ; o %6 54 0 : n o 4 i 5 0 : 1 0 6 5 4
2 . 0 5 0 0 0 , 0 3 8 o 3 0 : 0 4 7 0 % 0 . 0 6 7 9  6 0 : 0 8 7 6 4
2 . 0 7 5 0 0 ,0 1 8%2 o ; 0 2 7 4  3 0 . 0 2 7 0 3 0 : 0 7 6 0 4
2 ; i ( ' 0  0 Ü , or  0 0 0 O.’ OOOOO 0 : 0 0 0 0 0 o : o n  00 0
2 : 1 2 5 0 0 , o o o o o 0 : 0 0 0 0 0 0 . 0 0 0 Cl 0 c :  0 0 0 0 n
2 : 1 5 0 0  . 0 , 0 0 0 0 0 . 0 . 0 0 0 0 0 0 .0 0 0 0 0 0 : 0 0 0 0 0
RMH NO " ' ^ 2 0 2 2 4 3 2 6 4 2 6 5
TCfU' ;■ "i;: 2 ? 3 ; 2 9 3 2 9 3 . 2 9 3i P ATMS m. ùO a .  00 2 . 0 ( 1 6 .  ni l
X ‘ - 7 ; 0 . 6 0  7: 0 , 4 0 0 : 3 3 0 : 3 3
L CMS 12 12 12 1 ?
AO MCS V :■ 0 , 0 3 0  2 4 0 : 0 3 9  40 ü : 0 0 5 4 3 _ 0 : 0 1 1 4 6
E r * ............ 0 . 0 0 0 0 0 0 . 0 n o 0 0 0 : 0  0 fi f> 0 o : o n  00 0
i : % 5 o o  ' (0,~{:-OO00  ‘ C . ' n o o o u 0 : 0  0 n r- 0 0 :  no o n  r.
i : s 7 5 u 0 , 0 0 0 0 0  ; 0 : 0 O 0 0 0 0 : 0 4 0 0 0 o'.’ n n o n o
1 : 9 ( ' 0 0  ' 0 ,  0 0 0  00 0 : 0 2 4 3 0 n : o o r i ( ' 0 o : n n o n n
1 . 9 2 5 0 0 . 0 0 3 3 3 0 ; 1 1 1 1 1 0 : 0 2 0 5 2 0 : 0 2 S 1  ?.
1 . 9 5 0 0 0 . 1 2 7 2 7 0 : 1 5 4 5 b 0 : 0 2 1 1 8 0 : 0 5 4 5 2
1 : 0 7 5 0 0 . 2 2 9 5 6 o:2 4 6 4 6 0 : 0 5 5 0 5 0 : 1 2 6 4 4
2 :0 0 n 0 1 1 , 310  0 3 0 : 3 5 1 0 5 0 : 0 7 3 9 9 0 : 1 5 5 9 6
2 . 0 2 5 Û 0 , 2 0 3 8 5 o ;  2 7 3 0  a 0 : 0 3 9 6 2 0 : 0 6 7 3 1
2 : 0 5 0 0 n , 1 4 6 8 0 0 : 1 8 6 5 0 0 . 0  n 0 0 0 0 : 0 2 9 1 3
2 . 0 7 5 0 0 , Of-'so 5 0 : 1 2 6 0 4 0 . 0 0 0 0 0 0 : 0 0 0 0 n
2 . 1 0 U O I I , 0 0 () 0 0 0 : n P 4 0 0 (>. 0 0 0 0 0 0 .  0 0 n n 0
2 : 1 2 5 0 : O. f i OOOO 0 : 0 0 0 0 0 Ô : 0 0 n 0 0 0 : 0 0 0 0 0
' 2 : 1 5  00 ' ‘ 0 , 0 0 0 0 0  * o . ' o o n o o ' " 0 : 0 0 0 0 0 ” 0 7 0 0  00 0
HU h NU 
TIUP K P A T M S  
XL C S AN MCS
EU
273
293f, .00
0.501%10 0 4 2 0 0 r* 0 Cl
f (
2934 . Cl ( '
0.501207512nnono
275
?93 ?. 0 {>
°-??n;c4%36
n. 0 0 n (10
276
2930,66
CL50 1 ?Û . 072410 ; 00000
1-. 1:8500'" 0,05911 0:00 00 0 Cl : 0 ('’ 0 (' () 0: noon n1.8750 0 ,C)(,ho5 0:02370 ô .‘00000 n : n 0 n 0 n1:9000 0,1u377 0.04245 0.0 n n 0 0 n. n n 0 0 01:9250 0,3'-’(‘91 0:29091 0.17162 0.0 9 0 011.9500 0,54545 0:44545 0.27275 0:11 RiR1:975C 0 , 0 i'i 0 9 1 0 .'52466 0:30117 0:179172:0000 0.67421 0 .'61 066 n . 45 2 49 0:212672. 0 2 5 0 0 ,60 46 5 0:49302 u:3l163 0:1444 9"2:0500 0 . 5 7 4 ô 4 0:3%942 0:22596 0:09615k:075ü 0.25664 0:15929 n.'0885 0 0:044252:1 (i 0 0 0.112(0 0 : f) 3 6 0 0 0.02407 0:0 0 0 0 0
i- 2:1250 0 , r>no46 n;no 00 0 0: 00 000 0:000002:1500 0,(;72Z4 o.'nnofuj 0. 00000 0 : 0 n 0 0 0
- ---- -..- ■ - ni:H NO ; 277 0 .... ü DTEMP K, 295 29 3 >9 3 29 3
P ATHS % 0:33 n.on 0:00 0.00X 0.50 0,(50 iV.'OO 0:00L CMS 1 2 0 -, . 0 n
AB MCS 0 ,('1917 0.'on 000 0:0 0.0 u 0 O'.’üCOOOEr, o.ooüon 0:00000 u.ÙOOOO ,0:00000
1:8500 0,0 (*; 0 0 0 0 : n 0 Cl 0 I I . (1. 0 0 0 0 0 o’.'nnono1:8750 0 , (: 0 0 0 0 O.’OOOOij n. 0 0 n 0 0 0 : 0 n 0 n n1 .9(10 0 0,00000 (1. 0 0 u 0 0 tV.'oonoo _ 0:00000
1:9250 ü,0?691 0:00000 0 ; 0 0 0 0 0 0:00000"  :.. 1.95GÙ 0 , 1 0 41 B O.'nnooù 0.0 0 G 0 0 0:000001:9750 0.16537 0:00000 0:0 n 0 {) 0 0 . 0 0 0 n n2. n r> 0 ô 0.19b67 o.nO0 0 U û.00000 O:noono%.n?50 0,1 loi 9 0:00000 0 .000 0 0 G. 0 0 0 0 nr 2:0500 0,07215 0:00000 n : 0 6 0 0 0 ü. 0 0 0 0 02.0750 0,0 3025 0:00000 D . C 0 0 0 0 0:00000
2.1000 0 . (; ô 0 0 0 0:00000 G. OC’OOO 0 : 0 0 0 n -,2.1250 0.00000 0:0 0 0 0 (j 0 :0 0 n 0 0 0:000002:1500 0.00000 0:nû00û tV.'OGtiOO 0:00000
TRACE O F  UU/SER
18U
KlifJ NO 2 7R 279 280 281
T B M P K 29 3 295 293 253
P ATMS 0.53 , (1 6 1 :oo ? .01».X 1 .00 1 , 0 0 1 :oo 1 . n r,L (1 -10 1 bb 153 1 58 ISAA!'. MCS 0 , 01 4 !> 3 0.024 0 4 0 .03723 0:0588/
El'. 0 , ('Op0 0 0 :0Co0 0 0 . 000 (10 0: 00300
1:8500 u , 0 n n 0 0 0:00 000 0. 0 0 0 0 0 0 ■; noon 01:8/50 0 , 0 0 0 0 0 0:00000 0 . 0 0 f, 0 0 0:000001 : Ü f) u 0 0 . 0 0 0 0 0 0:00000 c : 0 n 0 0 0 0:030751.P250 n , 0 4 5 5 r. 0:07727 0.12727 0:21182
1.9550 U . 07064 0.12727 0:10545 0:35091
1.9750 0 , 11' 6 Ô 2 0:19731 0:20595 n ': 4443 02:0000 0.14022 0:24434 0.34842 0:50751
2:0250 li, Il'liOZ 0:15814 0.24651 0:38326. 2:0500 0,05702 0:10096 0.16 8 27 0:296542.075 0 0,03555 o;r.443n 0.07522 0:12372
2:1000 0 , Opooo 0:ni6C2 0: 03200 0:020002:1250 O.OOfiOO c.'ocono 0 . 0 0 0 n 0 0:00000" 2:1500 0 . fj f; 0 0 0 0:00000 Ü .0 0no0 o:ooo_no_
4':- - R l.i M N 0 2%2 283 284 285TE IIP K 293 29% 293. 293P ATMS 3:00 4.00 7:00 1 0 . 0 r.
X L ^ _ _ i . on _ 1.0Ù 1:00 1:00L CMS 15% 1 5 6 1 58 158Aij m CS 0.07381 0:08532 n:1002B ■, 0:12606Er. 0 . 01'l 0 u 0 O.OOOOÔ 0 . 0 n 0 0 0 0:00000
1.8500 ’0,Con 00 o'.'o conn (1: 0 0 Ù Û 0‘ 0:on000"
1:8750 C.OOOOO o'VjOonn n . 0 0 0 0 0 0:025711.9000 "0,04075 0.04245 0:056o0 0:07172: 1.9250 0,29273 0:35000 . 0:41364 0:500001.9500 0.44727 0 . 52273 0:613 6 4 0:75027
o::" ; 1:9750 0.51709 0:57399 0:6 412 6 0:75327
2:0000 0.50991 0:65611 0:72398 0:86023
2: 0 2 50 y ,40623 0:56744 0 :623?2 0:824912:6500 0.40 2 69 0.43077 0 .62019 0:76282J^ -'- ----- 2 :u750 0,10027 0:1994 2 V .29204 0.383062.1000 0,03417 0 :0 36Ou (1.06117 0:o92o7. . \ : 2:1250 0, O0.OOD o:nooou C .00000 0:026322.1500 0,00000’ 0 , 0 0 0 0 {) 0.000 00 0.00000
185
-.■.1,6.■MICRON,BAND -. 50- 56 
. 275-275
COg.
CPg/CO
RUN NO- 50 51 52 55 54TEMP K 295 295 295 295 295P ATMS 0.55 0.66 1 .00 2.00 5.00X 1.00 1.00 1.00 1.00 1.00L CMS 158 158 158 158 158AB MCS 0.00123 0.00205 0.00259 0.00526 0.01050EB 0.00000 0.00000 0.00000 0.00000 0.00000
1.500 0.00000 0.00000 0.00000 0.00000 0.000001.525 . 0.00000 0.00000 0.00000 0.00000 0.014501.550 0.00000 0.00000 0.05612 0.04517 0.080001.575 0.01087 0.02505 0.02900 0.07527 0.108521.600 0.01568 0.02542 ' 0.05125 0.05462 0.094211.625 0.01846 0.02572 0.05514 0.05555 0.066721.650 0.00000 0.01407 0.02107 0.04927 0.050771.675 0.00000 0.00000 0.00000 0.00000 0.000001.700 0.00000 0.00000 0.00000 0.00000 0.00000
1.725 0.00000 o.pooôo 0.00000 0.00000 0.00000
RUN NO 55 56 275 274 275TEMP K 295 295 ' 295 295 295P ATMS 7.00 10.00 6.00 4.00 2.00X 1.00 1.00 0.50 0.50 0.50L CMS 158 158 158 158 158AB MCS ' 0.01654 . 0.01912 0.01611 0.00551 0.00595EB 0.00000 0.00000 0.00000 0.00000 0.00000
1.500 1.525 1.550 1.575 1 .600 1.625 1.650 1.675 1.700 1.725
0.000000.024510.117270.164240.156280.091970.066250.00000 0.000000.00000
0.00000 
0 .04510 0.155020.196450.191210.118000.080410.00000 0.00000 0.00000
0.06858 
0.07258 0.11852 15105 09211 08557 05917 04469 027470.00000
0.025640.016150.059260.068970.059470.024590.000000.000000.000000.00000
0.042750.040520.057040.055170.026520.042680.000000.000000.000000.00000
CARBON MONOXIDE U..7 MICRON BAND
40- 45 CO 135-141 CO171-176 GO
187
RUN NO 40 41 42 43 44 ■ 45TEMP K 295 295 295 295 295 295P ATMS 0.55 0 . 6 6 1.00 2.00 3.00 4 . 0 0X 1.00 1.00 1.00 1.00 1.00 1.00L CMS 12 12 12 12 . 12 12
AB MCS 0.19981 0.51994 0.58876 0.44438 0.46949 0.47965EB 0.00257 0.00571 0.00451 0.00515 0.00545 0.00556
4.550 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
4.575 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0.00000 0.00000 0.000004.400 0.00000 0.00000 0.00000 0.00000 0.00000 0.026544.425 0.00000 0.00000 0.00000 0.01975 0.05569 0.055774 . 4 5 0 0.00000 0.02554 0.05802 0.05878 0.15645 0.169724.475 . 0.11875 C . 25810 0.57627 0.67545 0.85720 0.944564.500 0.24520 0.46879 0.65546 0.95954 0.99677 0.997004.525 0.46229 0.78117 0.95278 0.99717 0.99920 0.997674.550 0.54620 0.86520 0.97529 0.99856 0.99857 0.999564.575 0.66781 0.95165 0.98485 0.99672 0.99827 0.999014.600 0.71615 0.96813 0.99827 0.99842 0.99756 0.998554.625 0.58564 0.89526 0.98466 0.99560 0.99982 0.998914.650 0.57555 0.67635 0.85424 0.99786 1.00000 0.999724.675 0.49078 O.8I42I 0.95187 0.98560 0.99230 0.998504.700 0.59652 0.90421 0.98630 0.99889 0.99855 0.995464.725 0.60785 0.91268 0.99100 0.99875 0.99794 0.998844.750 0.60515 0.90721 0.98977 0.99925 0.99659 0.99659
4 . 7 7 5 0.52995 0.85020 0.97061 0.99766 0.99852 1 . 0 0 0 0 04.800 0.45289 0.77095 0.95074 0.99547 0.99567 0.997704.825. 0.57758 0.65002 0.84955 0.96555 0.99557 0.998204.850 0.27232 0.45546 0.75128 0.96658 0.98950 0.99540
4.875 0.21179 0.58569 0.54666 0.82786 0.98600 0.905254.900 0.11836 0.24565 0.55245 0.63056 0.79584 0.958854.925 0.07551 0.16555 0.23487 0.44625 0.62522 0.845754.950 0.05577 0.09826 0.13682 0.28560 0.32644 0.596544.975 0.00000" 0.00000 0.02548 0.03271 0.05550 0.075645.000 0 . 0 0 0 0 0 0.00000 0.00000 P.00000 0.00000 0.01752
188
RUN HO . . . 13S . 136 137 138 139 , 1 41
T n M P K . 900  : . 900 900 900 900 9 Ù i)
P ATMS . . ^ 0 : 5 3 0 , 6 6 1 : 0 0 2 . 0 0 3 . 0 0 0 . 2 5
X 1 . 0 0 . 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0
L CMS 12 .. 12 12 12 1 2 1 2
AB MCS . 0 , 1 0 6 6 7 0 , 2 3 6 3 5 0 . 3 2 02 1 = 0 : 4 3 3 6 2 0 . 4 6 2 6 6 0 . 0 9 2 3 3
EB V 0 , 0 1 6 2 2 0 . 0 5 6 1 2 0 . 0 4 8 9 9 ' 0 : 0 6 6 1 5 0 . 0 7 0 5 3 0 , 0 1 4 0 2
. 4 : 3 5 0 0 . 0 , 0 0 0 0 0 .. 0 . 0.0000 .. 0 : 0 0 0 0 0 0 : 0 0 0 0 0 .. 0 . 00000 0 . 0 0 0 0 0
4 . 3 7 5 0 = : /. 0 , 0 0 0 0 0  . 0 . 0 0 0 0 0 0 :ooooo 0 : 0 4 3 0 0 . 0 . 0 4 9 1 0 0 . 0 0 0 0 0
4 . 6 0 0 0 ^ . o o o o o 0 . 0 0 0 0 0 0 . 0 3 1 0 0 0 : 0 7 5 2 0 0 . 1 0 1 7 1 0 , 0 0 0 0 0. I . 4 . 6 2 5 0 - 0 , 0 0 0 0 0 o: ooo oo 0 . 0 4 7 3 0 0 : 1 6 7 1 0 0 . 2 0 5 0 0 0 . 0 0 0 0 0
4 . 6 5 0 0 0 . 0 0 0 0 0  . 0 : 0 4 1 0 0 0 : 1 4 3 2 0 0 : 3 1 2 3 0 0 . 4 3 1 0 0 O.DOOOO
4 . 6 7 5 0 . • ■ 0 , 0 0 0 0 0  - 0 . 1 5 7 5 0 0 . 2 9 4 0 0 0 : 6 5 4 2 1 . 0 . 7 6 1 4 0 0 , 0 0 0 0 0
4 . 5 0 0 0 . .  0 , 0 5 6 0 0 . - 0 . 2 7 8 0 0 . 0 . 5 2 0 0 0  . 0 : 8 6 1 0 0 . 0 . 9 0 1 0 0 0 . 0 0 0 0 0
4 . 5 2 5 0 ... " 0 , 1 0 8 3 0  - 0 . 5 0 4 6 0 0 . 7 6 5 0 0 0 : 9 4 4 7 0 ; 0 . 9 6 0 8 0  . 0 . 0 5 6 0 0
'■.. . 4 . 5 5 0 0 ......0 , 2 6 1 7 0 . . 0 . 6 6 1 2 0 0 . 8 6 2 2 0 0 : 9 5 3 3 1  : 0 . 9 6 4 3 2 . 0 . 2 6 1 7 0
4 . 5 7 5 0 . : : 0 , 3 5 7 6 0 0 . 7 4 3 5 0 0 .  894 1 0 0 : 9 7 6 1 6 0 . 9 8 7 1 0 0 . 3 2 2 4 1
. 4 . 6 0 0 0 ___ 0 , 4 0 0 0 0 _ 0 . 7 8 3 7 0 . 0 . 9 4 4 0 0 0 : 9 9 5 0 0 .  _ 1 . 0 0 0 0 0 0 . 3 4 0 0 1
4 . 6 2 5 0 0 , 3 2 9 3 0 . ^ . 0 : 6 3 9 0 0 , 0 . 8 2 0 0 0 0 : 9 4 1 5 0  , 0 . 9 7 3 2 0 0 . 2 7 5 6 0
4 : 6 5 0 0 . 0 , 2 3 1 5 0  . 0 : 5 1 0 2 0 , 0 : 6 8 0 0 0  , 0 : 8 9 6 6 0 ^ _ 0 . 9 5 3 2 0 . . 0 . 2 1 6 8 24 . :  ' ' 4 : 6 7 5 0 0 , 2 5 3 2 0 0 . 5 9 2 9 0 0 . 7 6 3 8 0 0 : 9 3 5 0 0 0 . 9 5 3 2 1 0 , 2 3 6 2 0
4 . 7 0 0 0 0 , 3 0 7 4 0 0 . 7 0 8 9 0 0 . 8 6 5 8 0 0 : 9 5 0 0 0 0 . 9 6 S 0 7 0 . 3 1 6 5 3
4 . 7 2 5 0 0 , 3 8 6 0 0 0 . 7 0 2 9 0 0 . 8 7 0 5 0 0 : 9 5 9 0 0 0 . 9 6 2 0 7 0 . S 2 9 7 1
4 . 7 5 0 0 _  0 , 5 4 2 0 0 0 : 6 5 5 0 0 0 . 8 4 n 6 0 0 : 9 5 1 2 0 0 . 9 5 9 0 0 0 . 2 8 0 2 7
4 . 7 7 5 0 0 , 3 0 9 1 0  ^ 0 : 5 9 3 8 1 0 . 7 7 3 4 0 0 : 9 3 7 5 0 0 . 9 5 4 2 6 0 . 2 7 0 8 0...^. 4 : 8 0 0 0 ___0 , 2 5 8 5 0 - 0 : 4 8 5 6 2 0 . 6 7 6 1 0 0 : 9 2 2 0 0  . . 0 . 9 5 0 5 3 0 . 2 0 9 0 0
4 : 8 2 5 0 0 , 2 2 0 5 0 / 0 : 4 4 3 7 0 . 0 : 5 9 8 4 ^ 0 : 8 7 9 3 0 0 . 9 3 0 4 1 0 , 1 8 9 0 0
4 : 8 5 0 0 . 0 , 1 7 2 5 0 . . 0 . 3 5 5 8 1 0 . 5 1 480 0 : 8 0 3 2 0 . 0 . 8 8 7 0 9 0 . 1 4 3 0 0
4 . 8 7 5 0 0 , 1 2 3 4 0 0 : 2 4 6 6 0 0 . 3 7 5 3 0 . 0 : 6 5 7 5 0 0 . 7 9 4 5 0 . 0 . 1 0 4 1 0
4 : 9 0 0 0 ....... 0 . 0 9 4 0 0 0 . 1 7 2 1 0 0 . 2 7 6 0 0 0 : 5 7 9 0 0 0 . 6 4 4 2 9 0 . 0 9 3 0 0
4 . 9 2 5 0 - . 0 , 0 5 1 0 0 0 : 1 1 5 2 0 0 . 1 R 2 6 0 0 : 4 3 8 2 0 ... 0 . 4 8 6 9 1 Q . 05600
4 . 9 S 0 0 ......... Do 0 0 0 0 0  ... 0 . 0 7 0 0 0 . 0 . 0 1 4 3 0 0 : 3 2 4 9 0 0 . 4 0 3 8 2  ^ 0 , 0 0 0 0 0
4 . 9 7 5 0 0 , 0 0 0 0 0 "  ' 0 . 0 0 0 0 0 0 . 0 3 8 0 0 0 : 1 6 5 2 1 . . 0 . 2 4 9 1 7 0 . 0 0 0 0 0
S.OOOO .......  0 , 0 0 0 0 0 . 0 . 0 0 0 0 0 0 : 0 0 0 0 0 0 : 0 7 3 2 ? , 0 . 1 2 8 1 0 O.ooooo
EXECUTED TIMES
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RUN NO 171 172 173 174 175 176TEMP K 1200 1200 1200 1200 1200 1200P ATMS 0.53 0.66 1.00 2.00 3iOO 4.00X 1.00 1.00 1.00 1.00 1.00 1.00L CMS 12 12 12 12 12 12AB MCS 0.12100 0.23635 0.35237 0.47126 0.52077 0.56451EB 0.01514 0.02916 0.04388 0.05841 0.06466 0.07092
lu350 0.00000 0.00000 0.00000 0.03674 0.10681 0.036744.375 0.00000 0.06272 0.03782 0.09420 0.19364 0.368814.400 0.02089 0.05184 0.09253 0.27271 0.38264 0.545764.425 0.03972 0.08256 0.14261 0.30033 0.44000 0.693254.450 0.05362 0.13587 0.18436 0.38225 0.74328 0.966354.475 0.11869 ' 0.24765 0.38023 0.70172 0.89973 0.995374.500 0.17556 0.35664 0.57627 0.89546 0.96570 0.998714.525 0.24771 0.49630 0.77187 0.98110 0.98989 0.999674.550 0.33000 0.63218 0.89039 0.99432 0.99271 1.000004.575 0.38078 0.70872 0.93401 0.99763 0.99890 0.99990•4.6oo 0.38542 0.71036 0.91255 0.99920 0.99900 0.967354.625 0.37988 0.62878 0.88222 0.99357 0.98450 0.987634.650 0.23660 0.51744 0.81200 0.99010 0.99576 0.993524.675 0.28606 0.52899 0.83652 0.99870 0.99635 0.986524.700 0.32051 0.61874 0.88531 0.99903 0.98652 0.992794.725 0.32872 0.62535 0.88042 0.99997 0.99575 0.998104.750 0.32556 0.61543 0.86660 0.98978 0.99999 0.995674.775 0.27853 0.52089 0.79556 0.96355 li00000 0.997524.800 0.25374 0.46221 0.70523 0.95817 0.97400 0.998004.825 0.24569 0.38240 0.62325 0.92681 0.93939 0.965274.850 0.16487 0.33500 0.55078 0.88576 0.94727 0.975004.875 . 0.14733 0.26854 0.43901 0.77050 0.90066 0.993874.900 O.O97I8 0.21784 0.35675 0.62590 0.81045 0.969694.925 0.09033 0.18720 0.32732 0.51071. 0.71911 0.900204.950 0.04035 0.10720 : 0.22240 00 36882 0.52354 0.847334.975 0.00000 0.06954 0.08320 "0.39356 0.37852 0.338665.000 0,00000 0.00000 0.00000 0.06001 0.26820 0.25342
CARBON MONOXIDE 
2.35 MICRON BAND
246-249 GO 
77- 80 CO 
267-272 CO
257:265 CO/CO.g:
191
■ V . -•.. '
RUN NO 2 46 %67 2 4Ü 2 4 9
TEMP K 2 9 3 2 9 3 2 9 3 2 9 3
P ATHS . 1 , u u 2 , 0 0 3 , 0 0 4 , 0 0
X. 1 , UV 1 , 0 0 1 . 0 0 1 , 0 0
L CMS 12 12 12 12
AB MGS o , o o d y i 0 , 0 1 6 4 1 0 , 0 2 3 3 0 0 , 0 3 1 3 5
% D - o . u o o w o 0 . 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 2 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0
2 2 2 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 2 5 0 0 , 0 ,  0 0 0 0 0  .. 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 2 2 5 6
2 2 7 5 0 0 , 0 2 2 7 3 0 , 0 5 3 3 0 0 , 0 6 0 6 1 0 , 0 7 5 7 6
2 3 0 0 0 0 , 0 6 9 2 3 0 , 1 4 6 1 5 / 0 , 2 0 7 6 9 0 , 2 6 9 2 3
2 3 2 5 0 0 , 0 9 6 4 9 0 , 1 8 8 9 8 0 , 2 7 5 5 9 0 , 3 6 2 2 0
2 3 5 0 0 0 , 0 9 6 0 0 0 , 1 6 0 0 0 0 , 2 3 2 0 0 0 , 2 9 6 0 0
3 7 5 0 0 , 0 5 0 0 0 0 , 0 7 5 0 0 0 , 1 1 6 6 7 0 , 1 5 0 0 0
2 4 0 0 0 0 , 0 3 5 0 9 0 , 0 4 3 8 6 0 , 0 5 2 6 3 0 , 0 6 1 4 1
2 4 2 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 2 8 0 4
2 4 5 0 0 . 0 , 0 0 0 0 0 . 0 , 0 0 0 0 9 0 , 0 0 0 0 0 0 , 0 0 0 0 0
g 4 7 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
g 5 0 0 0 . 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0 9 , 0 0 0 0 0
# 3
gA#
/.-" ■
:-4'
sr.),-/
,v )S;- - :
RUN NO 7 7 7 8 79 80
TEMP K : . 9 0 0  : 9 0 0 9 0 0 9 0 0
P ATMS . 1 , V Ü 2 , 0 0 3 . 0 0 4 , 3 0
X 1 , 0 0 1 , 0 0  . 1 , 0 0 1 , 0 0
L CHS 12 12 1 2 12
AB MGS 0 , 0 0 3 7 9 0 , 0 0 6 5 1 0 , 0 1 0 6 5 .. 0 , 0 1 6 8 8
EB 0 , 0 0 0 6 0 0 , 0 0 1 0 3 0 , 0 0 1 6 8 0 , 0 0 2 6 5
"2 / 2000 ; 0 , 0 0 0 0 0 .. 0 , 00000 " 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 . 2 2 5 0 . 0 , 0 0 0 0 0 O g 0 0 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0
2 . 2 5 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 2 7 5 0 • 0 , 0 0 0 0 0  - 0 , 0 1 0 4 7 0 , 0 1 9 2 1 0 , 0 3 0 8 0
2 . 3 0 0 0 0 , 0 2 6 3 0 0 , 0 4 7 4 0 0 , 0 7 5 9 0 0 , 1 2 1 0 5
2 , 3 2 5 0 0 , 0 3 6 9 0  . 0 , 0 6 3 2 0 0 , 1 1 3 7 0 0 , 2 0 0 0 0
2 , 3 5 0 0 0 , 0 4 4 0 0 0 , 0 7 1 4 0 0 , 1 0 9 7 0 0 , 1 7 6 0 0
2 , 3 7 5 0 0 , 0 3 3 0 0  : 0 , 0 5 0 6 0 0 , 0 7 6 4 2 0 , 1 0 7 0 0
2 , 4 0 0 0 0 , 0 1 7 3 0 0 , 0 2 3 1 1 0 , 0 3 1 0 0 0 , 0 4 0 0 0
2 , 4 2 5 0 . 0 , 0 0 0 0 0  / 0 , 0 0 0 0 0  . . 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 4 5 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 .... 0 , 0 0 9 0 0
2 , 4 7 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . .0 , 0 0 9 0 0
2 . 5 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
192
19-
.= ..:_RUN^%q 
. '\.TEMP:.K 
V. \ p A-r^ Ts 
. -..'■X
L CM& 
AB MGS KCl
2.2000 
2 . 2 2 5 0  
; .  . 8 . 2 5 0 0  
. 2 , 2 7 5 0  
.. 2 , 3 0 0 0
_  ^ 2 . 3 2 5 0  
r . : 2 , 3 5 0 0  
. . . 2 , 3 7 5 0  
2,  6000  
._  ^ 2 ,  4250  
. 2 ,  4500
. . .  2 ,  4750
2 , 5 0 0 0
%  m:..n ,35" .\T.,ou, 
158.0,010850 a 0 0 0 V (.)
0 9 0 0 0 U 0 
0,00000 
0 , 0 1 9 3 0  
0 , 0 3 5 5 7  0,09563 
0 , 1 1 3 U 2  
0 , 0 9 9 1 7  O4O59Ü3 
0 , 0 1 8 4 3  0,00000 0 , 00000. 
0,00000 0,00000
. 2Ü& \ ' '293 0,66
1 , 0 0  1 543 
0 , 0 2 3 2 7  0,00000
0,00000 
0 , 0 2 7 0 4  
0 , 0 3 1 0 1
0 . 0 5 9 2 9  
1 7530  
235 7 7  
1 9033  
11538  
0,  04147. 
0 , 0 2 8 5 7  
0 , 0 1 8 0 2  
0 , 0 0 0 0 0  0,00000
^  .  269
y 293 ..1.00 ; 1 , 0 0  
1 5 0 
0 , 0 3 6 5 0  0,00000
0 , 0 3 4 0 0
0 , 0 3 7 0 2
0 , 0 4 6 5 1
0 , 0 8 6 9 6
0 , 2 7 4 9 0
0,35366
0 , 3 0 5 7 9
0 , 1 8 8 0 5
0 , 0 8 2 9 50 , 0 5 2 3 8
0 , 0 2 7 0 50,00000 0,00000
. .. 270  
295  . 2, 0 0
1,00 
158  
0 , 0 6 3 3 0  0,00000
0 , 0 3 4 0 0
0 , 0 4 5 1 5
0 , 0 5 8 1 4
0 , 1 5 0 2 0
0 , 4 7 0 1 2
0 , 6 3 0 0 8
0 , 5 5 3 7 2
0 , 3 3 3 3 3
0 , 1 3 5 6 4
0 , 0 6 6 3 7
0 , 0 4 0 5 4
0 , 0 3 7 3 4
0 , 0 0 0 0 0
ï%.':
RUN NO 2 71 .. . . 272 2 74 275
TEMP K 293  .. 293 .. 293 .. 293
P ATMS 3 , 0 0 4 . 0 0 6 , 0 0 4 , 0 0X 1 , 0 0  .. 1 , 0 0 0 , 5 0 0 , 5 0
L CHS 158 158 158 158
AB MGS. : 0 , 0 9 9 0 2 0 , 0 9 6 7 3 . 0 , 0 9 3 9 1 % , 0 , 0 6 9 2 1
E D . ... 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0,00000 0 , 0 0 0 0 0
2 , 2 0 0 0 ^ ' 0 , 0 5 8 3 7 " 0 , 0 6 0 7 7 0 , 0 8 0 7 7  " ' 0 , 0 2 3 0 8
2 , 2 2 5 0 0 , 0 6 9 7 7 0 , 0 7 7 8 2 0 , 0 B 9 4 9 \ . 0 , 0 5 9 4 6 .
2 . 2 5 0 0 0 , 1 9 3 6 8 0 , 0 9 3 0 2 . 0 , 1 0 4 6 5  . 0 , 0 8 4 8 8
2 . 2 7 5 0 0 , 5 9 3 6 3 - 0 , 2 4 5 0 6 0 , 2 3 7 1 5 0 , 1 4 6 2 52 , 5 0 0 0 0 , 7 8 8 6 2 0 , 6 4 9 4 0 0 , 6 4 1 4 3 0 , 5 2 1 9 12 . 3 2 5 0 6 , 7 1 4#B 0 , 8 6 5 8 5 0 , 8 5 3 6 6 0 , 7 3 1 7 1
2 . 3 5 0 0 0 , 7 1 4 8 8 0 , 8 1 4 0 5 0 , 7 8 9 2 6 0 , 6 4 4 6 3
2 , 3 7 5 0 0 , 4 6 5 8 1 0 , 5 4 7 0 1 0 , 5 0 0 0 0 0 , 3 7 6 0 7
2 . 4 0 0 0 0 , 2 0 2 7 6 0 , 2 5 3 4 6 0 , 2 1 1 9 8 0 , 1 2 4 4 22 , 4 2 5 0 0 , 1 0 0 0 0 0 , 1 2 3 8 1 0 , 1 3 3 5 3 0 , 0 4 7 6 2
2 . 4 5 0 0  . 0 , 0 6 7 5 7 0 , 0 7 2 0 7 0 , 0 8 5 5 9 0 , 0 1 8 0 2
2 , 4 7 5 0 . 0 , 0 4 6 2 2 0 , 0 7 0 5 4 0 , 0 6 7 1 4 . ^ . 0 , 0 1 2 4 5
2 , 5 0 0 0 0 B 0 0 0 0 u 0 , 0 6 2 5 0 . 0 , 0 0 0 0 0 0 , 0 0 0 0 0
193
ÎÏÏ--
RUN NO 2 7 0 2 7 7 0 0
TEMP % 29:5 2 9 5 8 9 3 2 9 3
P ATMS 2 , 0 0 0 , 6 6 0 , 0 0 0 , 0 0X 0 , 5 0 0 , 5 0 0 , 0 0 0 , 0 0
L CHS 1 >0 1 5 8 0 0
AB MG8 0 , 0 4 2 2 9 0 , 0 1 8 1 3 0 , 0 0 0 0 0 0 , 0 0 0 0 0
EB 0 a 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 2 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 2 2 5 0 0 g O 4 7 7 ü 0 , 0 2 7 2 4 0 , 0 0 0 0 0 p , 0 0 0 0 0
2 , 2 5 0 0 0 , 0 5 9 3 ü 0 , 0 3 4 8 8 0 , 0 0 0 0 0 0 , 0 0 0 0 0
. 2 . 2 7 5 0 0 , 0 8 6 9 6 0 , 0 5 1 3 8 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 3 0 0 0 0 , 3 3 4 6 6 0 , 1 3 5 4 6 0 , 0 0 0 0 0 p , 0 0 0 0 0
2 , 3 2 5 0 0 , 4 7 1 5 4 0 , 1 8 2 9 3 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0
2 , 3 5 0 0 0 , 3 9 2 5 6 0 , 1 6 1 1 6 0 , 0 0 0 0 0 0 , 0 0 0 0 0
i  2 , 3 7 5 0 0 , 2 1 7 9 5 0 , 0 9 8 2 9 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 4 0 0 0 0 , 0 6 4 3 2 0 , 0 3 6 8 7 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0
: 2 , 4 2 5 0 0 , 0 1 9 0 9 : 0 , 0 0 0 0 0  \ 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 4 5 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0
2 . 4 7 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 9 . 0 0 0 0 0
2 , 5 0 0 0 0 , 0 0 0 0 0 0,00000 0 , 0 0 0 0 0 0 , 0 0 0 0 0
RUN NO 0 0 0 0
TEMP K 29  3 2 9 3 2 9 3 2 9 3
x^  P ATMS = : > : > . /  0 , 0 0 0 , 0 0 n.oo 0 . 0 0
X 0 , 0 0 0 , 0 0 0 , 0 0 0 , 0 0CMS ■ .%. " 0 . .  . q;: 0 0AB MGS " 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 "■ 0 ,00000
{ G R 0 , 0 0 0 0 0 L . 0 , 0 0 0 0 0 0 , 0 0 0 0 0 :719 , 0 0 0 0 0
2 , 2 0 0 0 ; 0 , 0 0 0 0 0 . . 0 , 0 0 0 0 0 : 0 , 0 0 0 0 0 0 . 0 0 0 0 0
. 2 , 2 2 5 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0 0 , 0 0 0 0 0 ..... 0 , 0 0 0 0 0
2 . 2 5 0 0 0 , 0 0 0 0 0 .. 0 ,  0 0 0 0 0  ■ 0 , 0 0 0 0 0 ,■ : ,  0 , 0 0 0 0 0
2 , 2 7 5 0 . . 0 , 0 0 0 0 0 . 0 . 0 0 0 0 0  . 0,00000 0 ,00000
2 , 3 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0,00000- - Q , 0 0 0 0 0
2 , 3 2 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 .. 0 . 0 0 0 0 0
. 2 . 3 5 0 0 0 , 0 0 0 0 0 : 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 3 7 5 0 0 , 0 0 0 0 0 ._ 0 ,  0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
- 2 , 6 0 0 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0  . 0 , 0 0 0 0 0 0 , 0 0 0 0 0
.. 2 , 4 2 5 0 ......0 , 0 0 0 0 0 _o,ooooo 0 , 0 0 0 0 0 . 0;ooooo
2 . 4 5 0 0 : 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 ■ 0 , 0 0 0 0 0
2 , 4 7 5 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0 0,00000 .. Q . 0 0 0 0 0
2 , 5 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0 ...0 , 0 0 0 0 0
.SAÇEi-OF::; ÜWSER
194
RUN NU 2 5 7 2 6 0 2 5 9 261
TEMP K" 2 9 3 2 9 3 2 9 3 2 9 3
P ATMS 2 , 0 0 4 ,  no 6 , 0 0 3 , 0 0
X 0 , 5 0 0 , 5 0 0 , 5 0 0 , 3 3
L CMS 12 12 1 2 12
AB MGS 0 , 0 1 0 3 3 0 , 0 1 9 9 8 - 0 , 0 2 6 8 9 - 0 , 0 1 2 9 1
ED 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 . 2 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 . 2 2 5 0 0 , 0 0 0 0 0 0 . 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 , 2 5 0 0 0 , 0 0 0 0 0 0 , 0 2 4 1 9 0 , 0 4 0 0 0 0 , 0 0 0 0 0
2 . 2 7 5 0 0 , 0 2 4 5 9 0 , 0 4 9 1 8 0 , 0 4 9 1 8 0 , 0 3 2 7 9 '
2 , 3 0 0 0 0 , 1 0 3 5 9 0 , 1 8 0 3 3 0 , 2 5 4 1 0 0 , 1 2 2 9 5
2 , 3 2 5 0 0 , 1 2 6 0 5 0 , 2 2 6 8 9 0 , 3 2 7 7 3 0 , 1 5 1 2 6
2 . 3 S 0 0 0 , 1 0 6 4 5 0 , 1 8 9 6 6 0 , 2 6 7 2 4 0 ,  1 2 0 6 9 '
2 , 3 7 5 0 ^0 B 0 4 4 6 5 0 , 1 0 7 1 4 0 , 1 2 5 0 0 0 . 0 6 2 5 0
2 . 4 0 0 0 0 , 0 1 9 0 5 0 , 0 3 8 1 0 0 , 0 4 8 2 4 0 , 0 3 8 1 0
2 , 4 2 5 0  ._  0 , 0 0 0 0 0 . 0 , 0 0 0 0 0 _ . 0 , 0 0 0 0 0  ... 0 , 0 0 0 0 0  _
2 , 4 5 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
2 . 4 7 5 0  . 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0  "
2 , 5 0 0 0 O b 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0
RUN NO- 26% 2*6 3 2 6 4 2<)5
TEMP K 2 9 3 2 9 3 2 9 3 2 9 39  ATMS .. . 6 , U U G , 0 0 5 . 0 0  - 6 , 0 0 :
X 0 , 3 3 0 ,  3:3 0 , 6 6 0 , 6 6
L . CM5U_. 1 a. ■ 1 2._: : .. . -  1 g . i r 1 2 / 5 ;
AB MGS 0 , 0 2 2 1 1 0 , 0 2 5 4 9 0 , 0 1 7 5 8 0 , 0 5 0 8 1
G B . . . .  _0 , . ooou%. : 0 , 0 0 0 0 0 : L o , o o o o o > 0 , 0 0 0 0 0  ::
2 , 2 0 0 0 . 0 , 0 0 0 0 0 ' _ 0 , 0 0 0 0 0  ' 0 , 0 0 0 0 0  . 0 , 0 0 0 0 0
2 . 2 2 5 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0  .
2 , 2 5 0 0  ' 0 , 0 0 0 0 0 . 0 , 0 0 0 0 0 0 , 0 0 0 0 0  ; 0 , 0 0 0 0 0
2 , 2 7 5 0 . . 0 , 0 4 9 1 8 . 0 , 0 5 7 3 8 0 , 0 5 6 7 1 0 , 0 6 4 7 9 '  .
2 , 3 0 0 0 0 , 2 0 4 9 2 . 0 , 2 4 5 9 3 / . 0 , 1 5 7 9 5  ... 0 , 2 9 0 9 0
2 , 3 2 5 0 0 , 2 6 8 9 1 0 , 3 1 9 5 3 0 , 2 0 3 0 7 0 , 3 7 9 9 4
2 , 3 5 0 0  . 0 , 2 1 5 5 2 , . 0 , 2 5 0 0 0 0 , 1 6 9 3 1  J 0 , 3 1 0 8 6
2 , 3 7 5 0 0 , 1 1 6 0 7 0 , 1 1 6 0 7 0 , 0 7 9 6 4 0 , 1 5 1 0 7  ..
2 , 4 0 0 0 0 , 0 3 8 1 0 . 0 , 0 4 7 6 2 0 , 0 4 8 5 6  : 0 , 0 5 5 8 0
2 , 4 2 5 0 0 , 0 0 0 0 0 0,00000 0 , 0 0 0 0 0 0 , 0 0 0 0 0  _
2 , 4 5 0 0 . . 0 , 0 0 0 0 0 " J 0 , 0 0 0 0 0 0 , 0 0 0 0 0 . x 0 , 0 0 0 0 0 .
2 , 4 7 5 0 0 , 0 0 0 U0 0 , 0 0 0 0 0 0 , 0 0 0 0 0 0 , 0 0 0 0 0  .
2 , 5 0 0 0 - 0 , 0 0 0 0 0 _ . . _ 0 , 0 0 0 0 0  .. _ 0 , 0 0 0 0 0 0 , 0 0 0 0 0  :.
■ ' ■ - .................-
CARBON DIOXIDE MIXTURES U-5 MICRON REGION
178-183
184-189 COg/CO 
231-236 COg/GO 
224-229 GOg/Ng 
196-202 COgAX) 
204-208 COgAX) 
210-214 GOg/CO
196
RUN N'O 1 7 8 1 7 9 1 80 181 1 8 2 1 8 3
TGMP K 1 2 0 0 1 2 0 0 1 2  0 0 1 2 0 0 1 2 0 0 1 2 0 0
P ATMS 0 . 3 3 0 . 6 6 1 . 0 0 1 . 50 3 . 0 0 4 , 0 0
X 0 , 5 0 0 . 5 0 0 . 5 0 0 , 5 0 0 . 5 0 0 . 5 0
L CMS 12 12 12 1 2 12 1 2
AD MCS 0 3 3 0 0 6 0 4 6 0  80 0 5 3 3 1  8 0 . 6 0 7 1  7 0 6 1 1 7 0 0 4 9 5 0 4
En 0 0 4 4 4 7 0 0 6 0 5 9 0 0 6 9 3 0 0 0 7 7 9 5 0 0 7 8 7 0 0 0 8 8 4 6
3 8 0 0 0 0 0 0 0 0 0 0 OOOOO ü 0 0 0 0 0 0 OOOOO 0 OOOOO 0 OOOOO
3 8 2 5 0 0 o o o o o 0 0 0 0  0 0 0 o o o o o 0 o o o o o 0 o n o o o 0 0 0 00  0
3 85  00 0 û 0 0 u 0 0 n () 0 0 0 0 o o o o o 0 o o o o o 0 0000 0 Ü 0 0 0 0  0
3 8 7 5 0 n 0 0 0 0 0 0 o o o o o 0 o o o o o 0 o o o o o 0 o o o o o ü o o o o o
3 9 0 0 0 0 0 0 0  00 0 0 0 0 0 0 1‘» o o o o o 0 o o o o o 0 o o o o o ü 0 0 0 G 0
3 9 2 5 0 0 o o o u o 0 0 0 0 0 ü 0 0 0 0 0 0 0 o o o o o 0 o o o o o 0 o o o o o
3 9 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o o o o o 0 o o o o o 0 o o o o o 0 0 0 0 0 û
3 9 7 5  0 0 o n o u o 0 o o o o o 0 o n o o o 0 0 0 0 0 0 0 o o o o o 0 o o o o o
4 ÜOOO 0 ooooo. 0 o o o o o 0 o o o o o 0 0 0 0 0 0 0 o o o o o 0 o o o o o
4 0 2 5 0 0. o o o o o 0 o o o o o 0 o o o o o 0 o o o o o 0 o o o o o ü o o o o o
4 0 5 0 0 0 o o o o o 0 0 0 0 0  0 û o o o o o 0 o o o o o 0 o o o o o 0 0 0 00  0
4 0 7 5 0 0 ooooo- 0 ooooo . 0 o o o o o 0 0 0 0 0 u 0 o o o o o 0 0 8 4 8 3
4 10 00 0 o n o o o 0 0 0 0 0 0 n 0 0 0 0 0 0 o o o o o 0 0 5 0 8 5 0 1 3 3 9 0
4 1 2 5 0 0 o o o o o 0 0 2 5 0 0 0 0 4 2 6 6 0 0 6 2 5 0 0 0 9 4 8 3 0 2 1 0 8 0
4 1 5 0 0 0 11 5 6 0 0 2 0 1 8 3 0 2 4 7 7 1 0 3 0 6 4 2 0 3 5 3 9 8 0 4 8 9 3 2
4 1 7 5 0 0 4 ^ 8 0 8 n 6 3 9 8 5 0 6 9 3 4 9 0 7 2 6 0 5 0 7 4 7 6 6 V H  0 0 7 4
4 2 0 0 0 0 7 8 8 0 7 0 8 2 9 2 2 0 8 3 9 5 1 0 8 3 9 5 1 0 8 2 2 9 2 0 6 5 7 4 3
4 2 2 5 0 0 8 3 6 2 4 0 8 4 0 6 1 0 8 3 8 0 0 0 8 4 0  61 0 8 2 9 5 5 0 6 4 5 5 1
4 2 5 0 0 0 8 3 1 4 6 0 6 4 4 9 4 0 8 3 1 4 6 0 8 3 3 7 1 0 8 2 7 5 9 0 8 4 7 9 7
4 2 7 5 0 0 8 3 6 3 6 0 8 4 0 0 1 0 8 4 3 1 8 0 8 3 4 0 9 0 8 2 5 5 8 0 8 5 3 4 5
4 3 0 0 0 0 8 3 5 2 1 0 8 3 9 7 3 0 8 4 6 5 0 0 8 4 1 9 9 0 8 3 3 3 3 y 8 5 0 1  1
4 3 2 5 0 0 8 2 6 5 8 0 8 3 7 8 4 0 8 4 2 5 4 0 8 4 0 0 9 0 8 4 9 4 6 0 6 5 5 3 2
4 3 5 0 0 0 70911 0 8 3 2 5 9 0 8 3 7 0 5 0 8 3 9 2 9 0 8 4 0 4 3 ü 8 5 1 3 8
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4 8 7 5 0 1 1 7 1 2 0 2 4 0 2 4 0 3 4 8 3 5 0 4 8 3 4 6 0 4 3 6 2 3 0 7 1 6 3 5
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R I N N U 184 185 1 86 1 87 1 88 1 8 9TCMP K 1200 1200 1200 1200 1200 1 200P ATMS D. 33 0, 6 6 1 . 00 1 . 80 2. 00 3.00X 0.66 0 , 66 0.66 0,66 0 .66 0,66L CMS 12 12 1 2 1 ? 12 1 2A % MCS 0 3391 Z 0 44087 0 510R9 0 59768 n 61 41 4 ü 65746EB 0 045Ü5 0 05340 0 0668 7 0 07725 0 07925 0 0 6 4 3 ft
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4 9500 0 onooo 0 onooo 0 05385 0 1 7692 0 1 9231 Q 250004 9750 0 onooo 0 ooooo n OOOOO 0 02031' 0 04875 0 196885 0000 0 ooooo 0 ooooo 0 OOOOO 0 OOOOO 0 0 0 0 0 0 0 05397
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RUH NO 2 2 4 2 2 5 2 2 6 2 2 7 2 2 8 2 2 9
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4 3 0 0 0 0 5 3 & 8 1 0 6 2 6 4 8 0 8 3 1 0 5 0 8 4 0 1  6 0 8 4 9 3 2 ü n o o n o
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4 4 2 5 0 0 1 2 7 3 6 • 0 5 0 4 7 2 ü 6 * 5 4 0 û 6 2 0 7 0 0 5 3 0 1 9 ü o u o o o
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4 5 0 0 0 V Ü1 4 8 5 0 1 5 3 4 2 ü 2 * 7 0 3 0 5 5 9 6 0 0 6 0 8 9 1 ü o o o n o
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RUN NO 19 6 197 198 199 200 201TEMP K 9 00 9 00 900 900 9 00 9 00
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P ATMS . 0 . 3 3 , 0,. 6 6 .1 . 0 0 1 , 8 7 3 . 0 0 0 . n 0
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'REGIN'SELECTINPÜT(O): ' R E G I f J ''REAL' R ;BLOCK 1'INTEGER' Q ; •INTEGER' N a n ; 'REAL' DELTA; •INTEGER'M : = 8 ;N:=85;R : = 1 ;DELTA:=0 •REGIN'• a r r a y 'BLOCK 2• ARRAY'
025;
H E F1 C1 ; N 3 ;
DATAI [1;N,1 ;Ml;
1 6 •ARRAY’ l CIiNI;17 • ARRAY' LMC1 ;N,1 :MJ;
18 1.C1 ] :=1 . 400;20 •FOR' J;=1 *STEP' 1 'UNTIL’ N-v' DO '21 LCJ+13;=LLJ3+DELTA;22 'FOR' J;=1 'STEP' 1 'UNTIL' N ' no '23 REFICJ3:=KEAD;24 'FOR' I:=1 'STEP' 1 •UNTIL' M ' DO '25 . 'BEGIN'25 •FOR’ J;=1 'STEP' 1 • UNTIL' N ' DO'DATAI[J,IJ:=READ;
• F O R '  J : = 1  ' S T E P '  1 ' U N T I L '  N ’ DO'
U:  EMC J , n  ; = 1 " DATA' !  C J T n / R E F 1  [ J 3 ;•END';
WRITETEXK ' < ' £MiSSIVTTY7.DATA%CARBüN%DlOXlDE» ) » ) :N EWLlH E (1);WRITETEXTC ('TEMpREATURE-^--')') îSPACE(4);WRITETEXTC*('PRESSURE')');•FOR' I;=1 'STEP' 1 'UNTIL' M 'DO'•b e g i n 'NEWLIÜE(I);SPACE(6);WRITETEXTC ' ( 'WAVEl EU0TH-MICR0NS%%X7.%%EMISSIVITY* ) ' ) ; •FOR' J:=1 'STEP' 1 'UNTIL' N ’DO'•b e g i n 'NEWLINE(1);SPACE(11);PRINT(LCJj,1,5);SPACE(9);. P R I N T C E MI J , I J., 1,5);•END • ;' END'•END'•END'•END',•END';NÜ OF BUCKETS USED
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.V. . 4
r - 4
r . 5
6
7
8
6
8
L 9
1 1
12
13
1 4
15
. 1 6
1 7
i- 1 7
19
2 0
2 0
20222324252526 
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'BEGIN'
» PROCEDURE BLOCK 1BLOCK 2'INTEGER'
'PEAL' u;'ARRAY' A 'begin »
'INTEGER''REAL' SUMG fSUMu;
S 0 M E Î K 0 ; 
c 0 M 0 J = 0 ;'FOR' I;=2 'STEP' SOME:=SUME+AE%]; 
'FOR' l;=3 'STEP' 
Atn
'SinpS(A,B,N);
NÎ
I
•ONTUt
'UNTIL'
N"1
N*2
'DO' 
' DO'r ' v n .  Jl I - V» I t  1 k, Lf u
n U M O ; c s U M O +  t n , *
8 ; = ( A C 1 ] + A [ N ] + 4 * S U M E + 2 * S U M 0 ) * 0 , 0 0 8 3 3 3 3 3 3 3 ;  
' E N D ' ;'PROCEDURE' PLANCKS(W,T,E>;CK 1BLO 3'REAL' W,T,L;'BEGIN I 
'REAL' u,v,x;
uV X 
E'END'; NTEGER' INTEGER'T W T F f; F R T
= WT5 ;= TT4;*EXP(1433U/(H*T))*1=(0,6S36&20)/(V*U*X);
v,u,Y;z?
2 8 n , = 1 3 ; N ; = 6 ; V ; = z ; Q ; = 4 ;
3 3 ' B E G I N
3 3 ' A r r a y A , B [ 1  j i n  ;
b l o c k 4
3 3 * a r r a y w n  m 3 ;3 4 ' ARRAY E [ 1 ; n , 1 ; M , 1 ; % ] ;Or ■ ■ 35 ' ARRAY E M f E W T B U C i  ; o , l  v \ , 1 IN]  ;
3 6 ' ARRAY E B , A B , L f X ,p T f R N E l : Qf 1 ! N 3 ;S r i . : 3 7 ' FOR' î » 1  ' S T E P ' 1 U N T I L ' Q ' D O '
39 ' F O R ' ( =1  ' S T E P ' 1 U N T I L ' N ' D O '
K s T " " 4 0 ' F O R ' K ; = 1  ' S T E P ' 1 U N T I L ' H ' D O '
41 E H C J , K I 3 ; =KEAD?
4 2 ' FOR ' î = 1  ' S T E P ' 1 U N T I L ' Q ' DO'
43 * FOR» 5=1 ' S T E P ' 1 U N T I L ' N ' po '
Si-.r-.. ' _'.l... 4 4 R N E J , I ; = R E A P ;
45 ' FOR' ; = 1  ' S T E P ' 1 U N T I L ' Q 'DO'-••• . ■ 46 ' F O R ' m l  ' S T E P ' 1 U N T I L ' N ' p O '
4 7 T u , n b r e a d ;4 8 ' F O R ! m l  ' S T E P ' 1 U N T I L ' Q ' D O '
49 ' F O R ' m l  ' S T E P ' 1 U N T I L ' N ' p O '„  . ------
rL-r--_- . ■ 50 p t J , n b r e a d ;
51 ' F O R ' m i  ' S T E P ' 1 U N T I L ' Q ' D O '
i-‘ - 52 T O R ' m l  ' S T E P ' 1 U N T I L ' N i pO»
5 3 X C J . I ] = r e a d ;S'V'-' ' ' ' 5 4 » FOR.» m i  ' S T E P ' 1 U N T I L ' Q • po »
55 » FOR ' m l  'STEP' 1 UNTIL' N » pu»
: 56 L i J . I ] =r e a d ; ■
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» F 0 R ’ * k m 1  ' S T E P '  1 ' U N T I L '  H ' p O « 
' n E G I K »
W f K ] | = R E A n ;'END';
' F O R '  J ; = 1  ' S T f c P '  1 ' U N T I L *  O ' D * '
' FfiR ' I ; % 1  ' S T E P '  1 ' U N T I L '  N ' D O '
' F O R '  K ; = 1  ' S T E P '  1 ' U N T I L '  M ' p U '  PLANCKS(U[K3,T[y,I3fE[J,K,I]); 
' F O R '  J ; = 1  ' S T E P '  1 ' U N T I L '  Q ' p O '
'CEGIN'
PAPERTHROW;
' F O R '  I ; = 1  ' S T E P '  1 ' U N T I L *  N ' p O '
' n E fi I '
' F O R '  K ; = 1  ' S T E P '  1 ' U N T I L *  M ' D U '
' B E G I N '
A C < 3 m E M U , K , n ?
G [ K ] : = E M [ U , K , I ] * R [ J , K , I ] ;  
nr.K3 j « ( U ! 0 / i o o o u f' r f J DI ■
S I MP S  < A,  ABC J # 1 3 , ( 1 ) ;
S I M P S ( w , E n C J , I 3 , H ) ;' E N D ' ;' F O R '  U ; = l ' S T E P ' 1 ' U N T I L '  V ' D O '
' n e o n ; '
' I F *  U a l  ' a n d ' V = 1 • t h e n  * ' B E G I N '  Z ; s ^ }  Y ; = N ;  ' G O T O '  S T ART ;  ' E N D ' ;
' I F *  U = 1 ' A N D '  V? = 2 ' T HEN'  ' B E G I N '  Z ; = 1 ;  Y ; s E N T I  E R < N /  2 * 0  , 5 ) ;
' G O T O '  s t a r t ; ' e n o * ;
' I F '  U = 2 ' A N I > '  ' T H E N *  ' R E S I N *  2 m  E NT I E R ( M /  2 +0  , 5 ) *  1 ; Y : = N l
' G O T O '  s t a r t ; ' E N D ' ;
S T A R T ; N E W L I N K ( 4 ) f  
S P A C E ( 2 0 ) ;
w r i t e t e x t c c ' r u n x n o ' ) ' ) ;
S P A C E ( 7 ) ;' F O R '  i m Z ' S T E P '  1 ' U N T I L *  Y ' D O '
'BEGIN* -PRINTCHNCJ r13,3fO);
S P A C E ( 6 ) ;
' E N D ' ;
N F W L I N E ( I ) ;
S P A C E ( 2 0 ) ;
W R I T E T E X T C ' ( ' T E M P X K ' ) ' ) ;
S P A C E ( 6 ) ;
' F O R '  i m Z ' S T E P »  1 ' U N T I L *  Y ' D O *
' B E G I N '
P R I N T ( T Ç J , I 3 , 4 , U ) ;
S P A C E ( 3 ) ;
n c w l i m e c i ) ;  -
S P A C E ( 2 0 ) ;
W R I T E T E X T C * ( ' P B A T M S ' ) ' ) ;
S P A C E ( 5 ) ;' F O R *  i m Z ' S T E P *  1 ' U N T I L *  Y ' D O *
' B E G I N '
P R I N T ( P C J , I ] , 2 , Z ) ;
S P A C E ( 2 ) ;
' E N D * ;
N F W L I N E ( I ) ;
S P A C E ( 2 0 ) ;
W R I T E T E X T C ' C
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?627
28 26 
79
3132
3 3
3 4
35
3 6
3 7
38 
3 8  4 041
42
4 344
45
4 6
4 7  
4 7
49
50
51
52
53
5 4
55
55
5 7
5 856 6 0 6 0 
6 2
6 364
6 5  
6 5
6 768
6970
71
72
SPACE(6);
S P A C E ( S ) ;
' F O R I  2 ; » Z ' S T E P '  1 * U N T I L *  Y ' D O *  'BEGIN'
P R I N T ( X [ J , I ] , 1 , 2 ) ;
S P A C 6 ( 3 ) ;
' E N D * ;  f^ rwL I NE (1 ) !
S P A C E ( 2 0 ) ;
WR I T E T E X T C  * C' L % % C M S ' ) ' ) f 
S P A C E < 7 > ;
' F O R *  I ; = 2 * S T E P '  1 ' U N T I L *  Y ' D O *  
'BEGIN'PSINT(L[J,I],3,U);
S P A C E ( 4 ) ;
' E N D * ;
N F W L I N E C 1 ) ;
S P A C E C 2 0 ) ;
W R I T E T E X T C * C ' AW%MCS' ) ' ) f
S P ACE C3 )  ;
' F O R '  I ; = 2 ' S T E P '  1 ' U N T I L *  Y ' D O f  'BEGIN*
P r i N T ( A B S J , I ] , 1 , 5 ) ;' E N D ' ;
W F W L I N E C I ) ;
S P A C E(20);
WR I T E T E X T C  » ' >?
S P A C E ( 3 ) ;
' F O R '  I ; = Z * S T E P '  1 ' U N T % L *  Y ' D O ** BEGIN*
P R ! N T ( E B [ J , I ] , 1 , 5 ) ;
' E N D * ;
N E W L I N E C 2 ) ;
' FOR* .  K ; = 1  ' S T E P *  1 ' U N T I L '  M ' D O '  
' B E G I N '  _ _
S P A C E ( 1 9 ) ;
P R I N T ( W l K ] , 1 , 4 ) ;
S P A C E ( I ) ;
' F O R *  I ; = Z * S T E P '  1 * U N T I L *  Y ' D O *  'BEGIN*
P P I N T ( E M [ J , X , I ] , 1 , 5 ) ;
* E N D * ;
NEWLINE(1);
' E N D * ;'END';'END';'END';
1 7 3  » F N D * ;
: 1 7 4  ' E N D * ;N O  up BUCKETS USED 40  
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APPENDIX VII
OPERATING CHARACTERISTICS OP THE MONOCHROMATOR
V: Y- ' I' 208
EFFECT OF SLIT-WIDTH ON MEASURED INTENSITY
It has been shown (139) that the use of finite slit-widths 
in spectral studies gives rise to a distortion of the spectrum.
An element of the observed spectrum centred about wave-length X 
will in some degree contribute to the measured energy over a 
small range of wave-lengths. This smearing of energy is deter­
mined by the instrument transmission function. For sufficiently 
wide mechanical slit-widths the effect of this function is 
determined by the geometry of the slit and the other optical 
properties of the system and is called the spectral slit-width.
The following expression, after Seshadri and Norman-Jones 
( 10U ), has been used to calculate spectral slit-widths:
W = VII-1
, .
Brodersen(l3) has shown that the energy incident upon the 
detector is proportional to the square of spectral slit-width 
and thus, to the square of the mechanical slit-width.
I a VII-2s
A plot of measured spectral energy against the square of 
the mechanical slit-width reveals a straight relationship and 
confirms the validity of Equation VIÏ-2 (see Figure VII-1 ),
Two mechanical slit-widths have been used to observe the
U.3 micron band of CO^ at 900 K and at a pressure of one atmos­
phere, It can be seen from Figure VII-2 that an increase in the 
size of the mechanical slit-width from 1,0 to 1.9 mm. causes the 
band profile to become flatter, accompanied by a.spread in the 
wings of the band.
As stated by several workers (123,133)band absorptance is 
independent of mechanical slit-width. The band absorptances for 
the 1.0 and 1.9 mm. slit-widths are 0.314 microns and 0.305 
microns. These values are within S% of each other and may be 
considered invariant.
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Sev'éral /relationships between the V steady out­
put voltage of the amplifier, N the peak to peak noise voltage 
and R the' signal to noise ra'ti.o. The peak to peak noise voltage 
varies inversely as the square root of the amplifier time 
constant. The time constant was not changed during the course 
of this investigation, thus
N « ~ = constant VII-3/0
and the signal/noise ratio may be expressed as
R 0= Yp VII-4N
Assuming a linear relationship between input and output of 
the amplifier and combining Equations VII-1, VII-2 and VII-4, 
it is possible to relate the error in energy measurement to the 
optical parameters of the monochromator.
I  = i i  “ V T I - 5
' = «
The measured values of intensity at smaller mechanical 
slit-widths are inherently less accurate.
TliE EFFECT OF SCANNING SPEED
Any delay in the response of the detector, amplifier or 
recorder gives rise to distortion in the measured band profile. 
The finite time constant 0 of an amplifier is usually the 
principle cause of electronic distortion in a recording system. 
Filter networks are used to eliminate noise outside the band 
pass of the frequency range of the amplifier. In performing this 
function they distort the desired signal. AnA.C. filter net­
work is a capacitive circuit and a certain period of time is 
required for the re-establishment of a steady-state condition 
after a change in input voltage has occurred.
The effect of scanning speed is related to the delay in the 
response of the amplifier, and thus the time constant. If the 
amplifier filter network responded instantaneously the scanning 
speed would have no effect. '■
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The principle effect of an increase in scanning speed is 
. that of the displacement of the band profile in the direction 
of the wave-length scan. Furthermore, the band profile is 
broadened and the band maximum reduced in height. It may also 
be shown that the maximum of the observed band profile lies on 
the true input profile.
Figure VII-3 shows the effect of changes in scanning speed 
on the 4.3 micron band of COg at one atmosphere and 900 K. The 
shifts in the band profiles for the medium and fastest speeds, 
relative to the slowest, have taken place in the direction of 
the wave-length scan. It is apparent that the greatest dis­
placement in band profile has been caused by the fastest scan 
speed.
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FIGURE: VII-1 VARIATION OF SPECTRAL INTENSITY WITH THESQUARE OF MECHANICAL SLIT-WIDTH
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FIGURE: VII-2 THE EFFECT OF CHANGES IN SLIT-WIDTH UPON THE SPECTRUM OP 4.3 MICRON BANDOF COg AT 900 K AND AT ONE ATMOSPHERE
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FIGURE: VII-3 THE EFFECT OF CHANGES IN SCANNING SPEED ON THE SPECTRUM OF THE 4.3 MICRON BAND OF CO. AT 900 K 
AND ONE ATMOSPHERE
o, 0.2 microns min.
A 0.4 microns min.
V 0.8 microns min.
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